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57] ABSTRACT

Substantially pure human cyclin-dependant kinase-like pro-

teins PITALRE and PISSLRE and isolated proteinc com-
plexes that comprise PITALRE or PISSLRE are disclosed.
Isolated nucleic acid molecule that encodes PITALRE or
PISSLRE, or a fragment thereof; recombinant expression
vectors that comprise nucleic acid sequence that encode
PITALRE or PISSLRE; and host cells that comprise such
recombinant expression vectors are disclosed. Oligonucle-
otide molecules that consist of a nucleotide squence com-

plimentary to a portion of the nucleotide sequence that
encodes PITALRE or PISSLRE are disclosed. Antibodies

which bind to epitopes on PITALRE or PISSLRE are
disclosed. Nucleic acid molecules that comprise a nucleotide
sequence that encodes phosphorylation deficient PITALRE
or a phosphorylation deficient PISSLRE; recombinant vec-
tors and pharmaceutical compositions that comprise such
nucleotide sequences are also disclosed. Methods of 1den-
tifying compounds which inhibit PITALRE activity are
disclosed.

30 Claims, 1 Drawing Sheet
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HUMAN CYCLIN-DEPENDENT
KINASE-LIKE PROTEINS AND METHODS
OF USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATTONS

This application 1s a U.S. National phase of Ser. No.
PCT/US96/03557, filed Mar. 14, 1996, which claims prior-
ity to continuation in part of application Ser. No. 08/403,
634, filed Mar. 14, 1996, which 1ssued as U.S. Pat. No.
5,674,748.

ACKNOWLEDGEMENT OF GOVERNMENT
RIGHTS

This invention was made with Government support from

the National Cancer Institute under Grant Number
R1-C860999-01. The Government has certain rights in this
invention.

FIELD OF THE INVENTION

The invention relates to the 1dentification and cloning of
human cdc2-related kinases, to methods of making and
using the same, and to compositions and methods of inhib-
iting their activity in the cell cycle.

BACKGROUND OF THE INVENTION

Cell division, cell growth and cell differentiation are
complex processes which are regulated to a great extent by
phosphorylation/dephosphorylation events. Thus, protein
kinases and phosphatases play a major role in cell regula-
fion. The members of the protein kinase family are known to
modulate the activity of a wide variety of proteins, including
kinases, phosphatases, transcription factors, cyclins, meta-
bolic enzymes and structural proteins, among others. The
cell cycle 1s regulated, at least in part, by a subfamily of
protein Kinases called cyclin-dependent kinases (CDKS).
These protemn kinases contain a catalytic domain that
requires the association of a regulatory subunit called cyclin,
which 1s necessary for the kinase activity of the complex.
Cyclin/CDK complexes have been shown to be required at
different points of the cell cycle. In vertebrates, CDK2 1s
required for DNA synthesis probably associated to cyclin E.
The transition from interphase to mitosis requires the activ-
ity of CDC2, which 1s associated to cyclin B. Moreover,
CDK4/ and CDK6/D-type cyclin complexes appear to link
orowth factor stimulation to cell cycle progression. The role
of CDKS5 1 the cell cycle 1s controversial. Although this
kinase associates with D-type cyclins, 1t 1s expressed at high
levels in terminally differentiated neuronal cells and appears
to be mvolved 1n the phosphorylation of neurofilaments.

Orderly progression through the cell cycle 1n yeast
requires the association of a single cyclin-dependent kinase
(cdk), p34/cdc2/CDC28, with cyclins to form active phos-
phorylating complexes which regulate both the G1/S and
G2/M transitions. With the discovery and characterization of
several murine and human cdc2-related kinases, 1t has
become apparent that mammalian cell cycle systems operate
under a much higher degree of complexity. Several ditferent
cyclin-cdk complexes have been found active at different
stages 1n the cell cycle.

Components of the cell cycle regulatory machinery have
been found to be mvolved 1n several human cancers. Cyclin
dependent kinases, their regulatory subunits or cyclins,
cyclin-dependent kinase inhibitors, as well as the associated
tumor suppressor proteins p53 and pRb, have been found to
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be deregulated or mutated 1n numerous human tumors. The
transforming activity of DNA tumor virus proteins E1A,
SV40 large T, and E7 1s exerted, at least 1n part, through their
binding of the growth suppressor pRb and consequent
release of E2F. In addition, E1A has been shown to bind to
cyclin A/cdk2 complexes, providing the first direct link
between the cell cycle and a transformed phenotype.

Cell proliferation disorder 1s implicated 1n certain diseases
such as psoriasis, vascular disease and cancer. There 1s a
need to identify compounds which inhibit the undesirable
cell proliferation associated with cancer. Speciifically, safe
and effective compounds are sought which reduce the abnor-
mal cell proliferation which 1s characteristic of cancer by
interfering with the molecular signals that participate in the
unrestrained reproduction and multiplication of malignant
cells. Specifically, safe and effective compounds are sought
which interfering with the molecular signals that participate
in the unrestrained reproduction and multiplication of cells
whose abnormal cell proliferation characteristic of diseases,
disorders and conditions such as cancer, psoriasis and vas-
cular diseases and disorders.

SUMMARY OF THE INVENTION

The present 1nvention relates to substantially pure human
cyclin-dependent kinase-like proteins PITALRE and PISS-
LRE.

The present invention relates to 1solated protein complex
that comprise PITALRE or PISSLRE.

The present invention relates i1solated nucleic acid mol-
ecule that encode PITALRE or PISSLRE, or a fragment

thereof.

The present mnvention relates to recombinant expression
vectors that comprise nucleic acid sequences that encode

PITALRE or PISSLRE.

The present 1nvention relates to host cells that comprise
recombinant expression vectors which include nucleic acid

sequences that encode PITALRE or PISSLRE.

The present mmvention relates to oligonucleotide mol-
ecules that consist of a nucleotide sequence complimentary

to a portion of the nucleotide sequence that encodes
PITALRE or PISSLRE.

The present mnvention relates to 1solated antibody which
binds to an epitope on PITALRE or PISSLRE.

The present imvention relate to 1solated nucleic acid
molecules that comprises a nucleotide sequence that encodes

phosphorylation deficient PITALRE or a phosphorylation
deficient PISSLRE.

The present invention relate to recombinant vectors that

comprise a nucleotide sequence that encodes phosphoryla-
tion deficient PITALRE or a phosphorylation deficient PISS-
LRE.

The present 1invention relates to pharmaceutical compo-
sitions comprising a pharmaceutically acceptable carrier and
nucleic acid molecules that comprise nucleotide sequences
that encode phosphorylation deficient PITALRE or a phos-
phorylation deficient PISSLRE.

The present invention relates to methods, kits and

reagents useful to identily compounds that inhibit the phos-
phorylation activity of PITALRE.

BRIEF DESCRIPTION OF THE FIGURE

FIG. 1 shows data from experiments which compare the
percentage of cells at each of three stages of the cell cycle
(G;, S and G,/M) when gene constructs encoding one of
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wild-type PITALRE, antisense PITALRE, phosphorylation
deficient PITALRE, wild-type PISSLRE, antisense

PISSLRE, phosphorylation deficient PISSLRE, and control
are 1ntroduced.

DETAILED DESCRIPTION OF THE
INVENTION

Two new cdc2-related kinases, PISSLLRE and PITALRE,
have been discovered. These proteins have been found to be
involved 1n the progress of a cell through the cell cycle,
specifically the G,/M transition which results in cell division
into two cells at G,. It has been discovered that the presence
of non-functional PISSLRE or PITALRE blocks the cell

from completing the G, transition. The inhibition of either
PISSLRE or PITALRE activity will thus inhibit cell divi-
s101.

A number of discases are characterized by a loss of
control of the cell cycle and a resultant uncontrolled cell
division. Uncontrolled cell proliferation 1s a primary char-
acteristic of all forms of cancer as well as psoriasis, hyper-
plasia and other diseases and disorders characterized by cell
proliferation. The ability to block cell division by mhibiting,
the activity of either PISSLRE or PITALRE thereby pro-
vides a means to treat mdividuals suffering from diseases
and disorders characterized by uncontrolled cell prolifera-
tion. The discovery of PISSLRE and PITALRE, and that
cach, respectively, plays a role in the cell cycle provides
drug targets against which inhibitors can be 1dentified and/or
designed. Such inhibitors are useful to block cell division,
which 1s a particular strategy for anti-cancer drugs.

PISSLRE and PITALRE have been purified; complexes
which include the proteins have been 1solated; hybridomas
which produce antibodies that bind to the proteins have been
generated; cDNAs that encodes these proteins have been
1solated, sequenced, incorporated into vectors including
expression vector which were introduced 1nto host cells that
then express the proteins recombinantly. Phosphorylation
deficient mutants of PISSLRE and PITALRE have been
designed block G, transition. Nucleic acids encoding these
mutants have been produced as have antisense molecules

against PISSLRE and PITALRE.

The discovery of PISSLRE and PITALRE provides the

means to design and discovery of specific inhibitors.
According to the present mvention, these proteins may be
used to screen compounds for specific inhibitors. Inhibitors
arec useful as anti-cancer agents. Purilied PISSLRE or
PITALRE, and complexes which include PISSLRE or
PITALRE may be used in drug screens to determine whether
or not these proteins and complexes are active in the
presence of test compounds. Test compounds may be
screened to 1dentify compounds which dissociate the com-
plexes and mhibit the formation of complexes.

Hybridomas which produce antibodies that bind to PISS-
LRE or PITALRE, and the antibodies themselves, are useful
in the 1solation and purification of PISSLRE or PITALRE
and protein complexes that include PISSLRE or PITALRE.
In addition, antibodies are specific inhibitors of PITALRE or
PISSLRE activity.

Isolated cDNA that encodes these proteins 1s useful as a
starting material 1n the production of mutants as well as the
recombinant production of the proteins. The cDNA 1s 1ncor-
porated 1nto vectors including expression vectors which are
introduced into host cells that then express the proteins
recombinantly. Nucleic acid molecules and fragments
thereof, particularly genomic sequences may be used as
probes to detect genetic rearrangements. Probes are useful,
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for example, 1n restriction fragment length polymorphism
assays and fluorescence 1n situ hybridization assays. Nucleic
acid molecules which comprise a nucleotide sequence which
are complementary to fragments of the cDNA that encodes
PISSLRE or PITALRE may be used as antisense molecules
and primers to inhibit translation of mRNA and amplify
genetic sequences, respectively.

Nucleic acids encoding phosphorylation deficient mutants
of PISSLRE and PITALRE may be delivered to cells to
block cell divisions. Such nucleic acid molecules may be
included within delivery vehicles and/or formulated with
pharmaceutically acceptable carriers for administration into
animals as a pharmaceutical.

PITALRE 1s encoded by cDNA shown 1n SEQ ID NO:1
and has an amino acid sequence shown 1n SEQ ID NO:2.
PITALRE 1s a nuclear localized kinase that, although not
able to act on histone H1, 1s able to phosphorylate pRb on
serine residues 1n vitro. This would indicate a function not
unlike cdk4 or cdk6; however, this kinase activity has not
been found to be cell cycle regulated.

PISSLRE 1s encoded by ¢cDNA shown 1n SEQ ID NO:3
and has an amino acid sequence shown in SEQ ID NO:4.
PISSLRE, shares 47% 1dentity with cdc2 and contains many
conserved motifs of cdks including the proline 1n 1ts
PSTAIRE-like sequence and target residues for cdk activat-
ing kinase (CAK) phosphorylation. Both of these motifs are
needed for cyclin binding and stabilization. The PISSLRE
gene 1S predominantly expressed 1 terminally differentiated
fissues, possibly indicating a functional relation to cdk?,
which 1s specifically expressed i nonproliferating neural
tissue.

PITALRE and PISSLRE can be isolated from natural
sources, produced by recombinant DNA methods or synthe-
sized by standard protein synthesis techniques.

Antibodies which specifically bind to PITALRE or PISS-
LRE may be used to purify the protein from natural sources
using well known techniques and readily available starting
materials. Such antibodies may also be used to purily the
protein from material present when producing the protein by
recombinant DNA methodology.

As used herein, the term “antibody” 1s meant to refer to
complete, intact antibodies, and Fab fragments and F(ab),
fragments thereof. Complete, i1ntact antibodies include
monoclonal antibodies such as murine monoclonal
antibodies, chimeric antibodies and humanized antibodies.
In some embodiments, the antibodies specifically bind to an
epitope of SEQ ID NO:2 or SEQ ID NO:4 but not both.
Antibodies that bind to an epitope which 1s present one of
these proteins 1s useful to 1solate and purily that protein from
both natural sources or recombinant expression systems
using well known techniques such as aflinity chromatogra-
phy. Such antibodies are useful to detect the presence of
such protemn mn a sample and to determine if cells are
expressing the protein.

The production of antibodies and the protein structures of
complete, intact antibodies, Fab fragments and F(ab), frag-
ments and the organization of the genetic sequences that
encode such molecules are well known and are described,
for example, in Harlow, E. and D. Lane (1988) ANTIBOD-
IES: A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y. which 1s incorporated herein by
reference. Brielly, for example, PITALRE or PISSLRE, or
an immunogenic fragment thereof 1s 1njected into mice. The
spleen of the mouse 1s removed, the spleen cells are 1solated
and fused with immortalized mouse cells. The hybrid cells,
or hybridomas, are cultured and those cells which secrete
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antibodies are selected. The antibodies are analyzed and, 1f
found to specifically bind to the PITALRE or PISSLRE

(depending upon which was injected into the mouse), the
hybridoma which produces them 1s cultured to produce a
continuous supply of antibodies.

Using standard techniques and readily available starting

materials, a nucleic acid molecule that encodes PITALRE or
PISSLRE may be 1solated from a cDNA library, using
probes which are designed using the nucleotide sequence

information disclosed 1n SEQ ID NO:1 or SEQ ID NO:3.
The present mvention relates to an isolated nucleic acid
molecule that comprises a nucleotide sequence that encodes
PITALRE or PISSLRE. The present invention relates to an
1solated nucleic acid molecule that comprises a nucleotide
sequence that encodes the amino acid sequence of SEQ ID
NO:2 or SEQ ID NO:4. In some embodiments, the nucleic
acid molecules consist of a nucleotide sequence that encodes
PITALRE or PISSLRE. In some embodiments, the nucleic
acid molecules comprise the nucleotide sequence that con-
sists of the coding sequence in SEQ ID NO:1 or SEQ ID
NO:3. In some embodiments, the nucleic acid molecules
consist of the nucleotide sequence set forth in SEQ ID NO:1
or SEQ ID NO:3. The 1solated nucleic acid molecules of the
invention are useful to prepare constructs and recombinant
expression systems for preparing proteins of the invention.

A cDNA library may be generated by well known tech-
niques. A cDNA clone which contains one of the nucleotide
sequences described herein may be 1dentified using probes
that comprise at least a portion of the nucleotide sequence
disclosed 1n SEQ ID NO:1 or SEQ ID NO:3. The probes
have at least 16 nucleotides, preferably at least 24 nucle-
otides. The probes are used to screen the cDNA library using
standard hybridization techniques. Alternatively, genomic
clones may be 1solated using genomic DNA from any human
cell as a starting material.

The present invention relates to isolated nucleic acid
molecules that comprise a nucleotide sequence 1dentical or

complementary to a fragment of SEQ ID NO:1 or SEQ ID
NO:3 which 1s at least 10 nucleotides. In some
embodiments, the 1solated nucleic acid molecules consist of
a nucleotide sequence i1dentical or complementary to a
fragment of SEQ ID NO:1 or SEQ ID NO:3 which 1s at least
10 nucleotides. In some embodiments, the 1solated nucleic
acid molecules comprise or consist of a nucleotide sequence
identical or complementary to a fragment of SEQ ID NO:1
or SEQ ID NO:3 which 1s 15-150 nucleotides. In some
embodiments, the 1solated nucleic acid molecules comprise
or consist of a nucleotide sequence 1dentical or complemen-
tary to a fragment of SEQ ID NO:1 or SEQ ID NO:3 which
1s 15-30 nucleotides. Isolated nucleic acid molecules that
comprise or consist of a nucleotide sequence identical or
complementary to a fragment of SEQ ID NO:1 or SEQ ID
NO:3 which 1s at least 10 nucleotides are useful as probes for
identitying genes and cDNA sequence having SEQ ID NO:1
or SEQ ID NO:3, respectively, PCR primers for amplifying
ogenes and cDNA having SEQ ID NO:1 or SEQ ID NO:3,
respectively, and antisense molecules for inhibiting tran-
scription and translation of genes and cDNA, respectively,

which encode PITALRE or PISSLRE having the amino acid
sequence of SEQ ID NO:2 or SEQ ID NO:4, respectively.

The cDNA that encodes PITALRE or PISSLRE may be

used as a molecular marker 1n electrophoresis assays in
which cDNA from a sample 1s separated on an electrophore-
sis gel and PITALRE or PISSLRE probes are used to
identify bands which hybridize to such probes. Specifically,
SEQ ID NO:1 or portions thereof and SEQ ID NO:3 or

portions thereof, may be used as a molecular marker in
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clectrophoresis assays in which cDNA from a sample 1is
separated on an electrophoresis gel and PITALRE or PISS-
LRE specific probes are used to identify bands which
hybridize to them, indicating that the band has a nucleotide
sequence complementary to the sequence of the probes. The
1solated nucleic acid molecule provided as a size marker will
show up as a positive band which 1s known to hybridize to
the probes and thus can be used as a reference point to the

size of cDNA that encodes PITALRE and PISSLRE, respec-
tively. Electrophoresis gels useful in such an assay include
standard polyacrylamide gels as described 1n Sambrook et
al., Molecular Cloning a Laboratory Manual, Second Ed.
Cold Spring Harbor Press (1989) which is incorporated
herein by reference.

The nucleotide sequences in SEQ ID NO:1 and SEQ ID

NO:3 may be used to design probes, primers and compli-
mentary molecules which specifically hybridize to the
unique nucleotide sequences of PITALRE and PISSLRE,
respectively. Probes, primers and complimentary molecules
which speciiically hybridize to nucleotide sequence that

encodes PITALRE or PISSLRE may be designed routinely
by those having ordinary skill in the art.

The present invention also includes labelled oligonucle-
otides which are useful as probes for performing oligonucle-
otide hybridization methods to identify PITALRE or PISS-
LRE. Accordingly, the present invention includes probes
that can be labelled and hybridized to unique nucleotide
sequences of PITALRE or PISSLRE. The labelled probes of
the present mnvention are labelled with radiolabelled nucle-
otides or are otherwise detectable by readily available non-
radioactive detection systems. In some preferred
embodiments, probes comprise oligonucleotides consisting
of between 10 and 100 nucleotides. In some preferred,
probes comprise oligonucleotides consisting of between 10
and 50 nucleotides. In some preferred, probes comprise
oligonucleotides consisting of between 12 and 20 nucle-
otides. The probes preferably contain nucleotide sequence

completely 1dentical or complementary to a fragment of a
unique nucleotide sequences of PITALRE or PISSLRE.

In some embodiments, labelled probes are used to deter-
mine on which chromosome the PITALRE or PISSLRE
ogenes are present. Such labelled probes comprise some or all
of SEQ ID NO:1 or SEQ ID NO:3. As discussed 1n Example
3, PITALRE has been mapped to chromosome 9 and PISS-
LRE has been mapped on chromosome 16. Using the probes
of the 1nvention, translocations of chromosome 9 which
include the PITALRE gene or translocation of chromosome
16 which include the PISSLRE gene can be detected. In a
one preferred embodiments, fluorescent labelled PITALRE
probes which are labelled with one fluorescent color are
used 1 conjunction with a fluorescent labelled probe for the
chromosome 9 centromere that 1s labelled with another
color. The proximity of the two different colored probes
hybridized to the genetic material in a single cell 1s usetul to
detect chromosome 9 translocations. In another preferred
embodiment, fluorescent labelled PISSLRE probes which
are labelled with one fluorescent color are used in conjunc-
tion with a fluorescent labelled probe for the chromosome 16
centromere that 1s labelled with another color. The proximity
of the two different colored probes hybridized to the genetic
material 1n a single cell 1s useful to detect chromosome 16
translocations.

The cDNA that encodes PITALRE or PISSLRE may be
used to design PCR primers for amplifying nucleic acid
sequences. PCR technology 1s practiced routinely by those
having ordinary skill in the art and its uses 1in diagnostics are
well known and accepted. Methods for practicing PCR
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technology are disclosed mn “PCR Protocols: A Guide to
Methods and Applications”, Innis, M. A., et al. Eds. Aca-

demic Press, Inc. San Diego, Calif. (1990) which is incor-
porated herein by reference. Applications of PCR technol-

ogy are disclosed in “Polymerase Chain Reaction” Erlich, H.
A., et al.,, Eds. Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989) which is incorporated herein by refer-
ence. Some simple rules aid 1 the design of efficient
primers. Typical primers are 1828 nucleotides 1n length
having 50% to 60% g+c composition. The entire primer 1s
preferably complementary to the sequence 1t must hybridize
to. Preferably, primers generate PCR products 100 basepairs
to 2000 base pairs. However, 1t 1s possible to generate
products of 50 base pairs to up to 10 kb and more.

PCR technology allows for the rapid generation of mul-
tiple copies of nucleotide sequences by providing 5' and 3’
primers that hybridize to sequences present 1n a nucleic acid
molecule, and further providing free nucleotides and an
enzyme which fills 1n the complementary bases to the
nucleotide sequence between the primers with the free
nucleotides to produce a complementary strand of DNA.
The enzyme will {ill 1n the complementary sequences adja-
cent to the primers. If both the 5" primer and 3' primer
hybridize to nucleotide sequences on the complementary
strands of the same fragment of nucleic acid, exponential
amplification of a specific double-stranded product results.
If only a single primer hybridizes to the nucleic acid
molecule, linear amplification produces single-stranded
products of variable length.

The present mnvention relates to a recombinant expression
vector that comprises a nucleotide sequence that encodes
PITALRE or PISSLRE that comprises the amino acid
sequence of SEQ ID NO:2 or SEQ ID NO:4, respectively. As
used herein, the term “recombinant expression vector” 1s
meant to refer to a plasmid, phage, viral particle or other
vector which, when mtroduced into an appropriate host,
contains the necessary genetic elements to direct expression
of the coding sequence that encodes PITALRE or PISSLRE.
One having ordinary skill in the art can 1solate the nucleic
acild molecule that encodes PITALRE or PISSLRE and
insert 1t 1nto an expression vector using standard techniques
and readily available starting materials. The coding
sequence 1s operably linked to the necessary regulatory
sequences. Expression vectors are well known and readily
available. Examples of expression vectors include plasmids,
phages, viral vectors and other nucleic acid molecules or
nucleic acid molecule containing vehicles useful to trans-
form host cells and facilitate expression of coding
sequences. In some embodiments, the recombinant expres-
sion vector comprises the nucleotide sequence set forth 1n
SEQ ID NO:1 or SEQ ID NO:3. The recombinant expres-
sion vectors of the 1nvention are useful for transforming
hosts which the express PITALRE or PISSLRE.

The present invention relates to a host cell that comprises
the recombinant expression vector that includes a nucleotide
sequence that encodes PITALRE or PISSLRE that com-
prises SEQ ID NO:1 or SEQ ID NO:3. In some
embodiments, the host cell comprises a recombinant expres-
sion vector that comprises SEQ ID NO:1 or SEQ ID NO:3.
Host cells for use 1 well known recombinant expression
systems for production of proteins are well known and
readily available. Examples of host cells include bacteria
cells such as E. coli, yeast cells such as S. cerevisiae, msect
cells such as S. frugiperda, non-human mammalian tissue
culture cells chinese hamster ovary (CHO) cells and human
tissue culture cells such as Hel.,a cells.

The present 1nvention relates to a transgenic non-human
mammal that comprises the recombinant expression vector
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that comprises a nucleic acid sequence that encodes the
PITALRE or PISSLRE that comprises the amino acid

sequence of SEQ ID NO:2 or SEQ ID NO:4. Transgenic
non-human mammals useful to produce recombinant pro-
teins are well known as are the expression vectors necessary
and the techniques for generating transgenic animals.
Generally, the transgenic animal comprises a recombinant
expression vector 1n which the nucleotide sequence that

encodes PITALRE or PISSLRE 1s operably linked to a
mammary cell specilic promoter whereby the coding
sequence 1s only expressed mm mammary cells and the
recombinant protein so expressed 1s recovered from the
animal’s milk. In some embodiments, the coding sequence

that encodes PITALRE or PISSLRE 1s SEQ ID NO:1 or
SEQ ID NO:3.

In some embodiments, for example, one having ordinary
skill 1n the art can, using well known techniques, insert such
DNA molecules into a commercially available expression
vector for use 1 well known expression systems. For
example, the commercially available plasmid pSE420
(Invitrogen, San Diego, Calif.) may be used for production
of PITALRE or PISSLRE 1n £. coli. The commercially
available plasmid pYES2 (Invitrogen, San Diego, Calif.)
may, for example, be used for production in S. cerevisiae
strains of yeast. The commercially available MAXBAC™
complete baculovirus expression system (Invitrogen, San
Diego, Calif.) may, for example, be used for production in
insect cells. The commercially available plasmid pcDNA 1
or pcDNA3 (Invitrogen, San Diego, Calif.) may, for
example, be used for production in mammalian cells such as
Chinese Hamster Ovary cells. One having ordinary skill 1n
the art can use these commercial expression vectors and
systems or others to produce PITALRE or PISSLRE routine
techniques and readily available starting materials. (See e.g.,
Sambrook et al., Molecular Cloning a Laboratory Manual,
Second Ed. Cold Spring Harbor Press (1989) which is
incorporated herein by reference.) Thus, the desired proteins
can be prepared 1n both prokaryotic and eukaryotic systems,
resulting 1n a spectrum of processed forms of the protein.

One having ordinary skill in the art may use other
commerclally available expression vectors and systems or
produce vectors using well known methods and readily
available starting materials. Expression systems containing
the requisite control sequences, such as promoters and
polyadenylation signals, and preferably enhancers, are
readily available and known 1n the art for a variety of hosts.

See e.g., Sambrook et al., Molecular Cloning a Laboratory
Manual, Second Ed. Cold Spring Harbor Press (1989).

The expression vector mcluding the DNA that encodes
PITALRE or PISSLRE 1s used to transform the compatible
host which 1s then cultured and maintained under conditions
wherein expression of the foreign DNA takes place. The
protein of the present invention thus produced 1s recovered
from the culture, either by lysing the cells or from the culture
medium as appropriate and known to those in the art. One
having ordinary skill in the art can, using well known
techniques, 1solate PITALRE or PISSLRE that 1s produced
using such expression systems. The methods of puritying
PITALRE or PISSLRE from natural sources using antibod-
ies which specifically bind to PITALRE or PISSLRE as
described above, may be equally applied to purifying

PITALRE or PISSLRE produced by recombinant DNA
methodology.

Examples of genetic constructs include the PITALRE or
PISSLRE coding sequence operably linked to a promoter
that 1s functional 1n the cell line into which the constructs are

transfected. Examples of constitutive promoters include
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promoters from cytomegalovirus or SV40. Examples of
inducible promoters i1nclude mouse mammary leukemia
virus or metallothionein promoters. Those having ordinary
skill i the art can readily produce genetic constructs useful
for transfecting with cells with DNA that encodes PITALRE
or PISSLRE from readily available starting materials. Such
gene constructs are usetul for the production of PITALRE or

PISSLRE.

In some embodiments of the invention, transgenic non-
human animals are generated. The transgenic animals
according to the invention contain SEQ ID NO:1 or SEQ ID
NO:3 under the regulatory control of a mammary speciiic
promoter. One having ordinary skill in the art using standard
techniques, such as those taught in U.S. Pat. No. 4,873,191
1ssued Oct. 10, 1989 to Wagner and U.S. Pat. No. 4,736,866
issued Apr. 12, 1988 to Leder, both of which are incorpo-
rated herein by reference, can produce transgenic animals

which produce PITALRE or PISSLRE. Preferred animals
are rodents, particularly goats, rats and mice.

In addition to producing these proteins by recombinant
techniques, automated peptide synthesizers may also be
employed to produce PITALRE or PISSLRE. Such tech-
niques are well known to those having ordinary skill 1n the
art and are useful 1f dertvatives which have substitutions not
provided for in DNA-encoded protein production.

According to another aspect of the invention, nucleic acid
molecules that encode phosphorylation deficient PITALRE
or PISSLRE can be used 1n gene therapy to inhibit PITALRE
or PISSLRE activity and thereby inhibit cell division asso-
ciated with diseases such as cancer. By introducing into cells
the cDNA that encodes either PITALRE or PISSLRE 1n an
expressible form, PITALRE or PISSLRE will be expressed
and inhibit PITALRE or PISSLRE activity.

The region responsible for phosphorylation activity in
cdc2 related kinases is KLADFGLAR (SEQ ID NO:5). In

PITALRE, that sequence 1s present. In PISSLRE, the
sequence is KTADFGLAR (SEQ ID NO:6). One way to
ogenerate phosphorylation deficient mutants of PITALRE or
PISSLRE 1s to substitute an asparagine 1n place of the
aspartic acid 1n this sequence. In addition, other
substitutions, msertions and/or deletions 1n the consensus
sequence or truncated forms of PITALRE and PISSLRE 1n
which all or part of the consensus sequence are deleted. In
preferred embodiments, the portion of PITALRE or PISS-
LRE which i1s present in the phosphorylation deficient
PITALRE or PISSLRE includes the portion which partici-
pates 1n complex formation with other proteins.

Nucleic acid molecules that encode phosphorylation defi-
cient PITALRE or PISSLRE may be delivered using any one
of a variety of delivery components, such as recombinant
viral expression vectors or other suitable delivery means, so
as to affect their introduction and expression 1in compatible
host cells. In general, viral vectors may be DNA viruses such
as recombinant adenoviruses and recombinant vaccinia
viruses or RNNA viruses such as recombinant retroviruses.
Other recombinant vectors mnclude recombinant prokaryotes
which can infect cells and express recombinant genes. In
addition to recombinant vectors, other delivery components
are also contemplated such as encapsulation 1n liposomes,
transferrin-mediated transfection and other receptor-
mediated means. The mvention 1s mtended to 1nclude such
other forms of expression vectors and other suitable delivery
means which serve equivalent functions and which become
known 1n the art subsequently hereto.

In a preferred embodiment of the present invention, DNA
1s delivered to competent host cells by means of an aden-
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ovirus. One skilled 1n the art would readily understand this
technique of delivering DNA to a host cell by such means.
Although the invention preferably includes adenovirus, the
invention 1s intended to include any virus which serves
equivalent functions.

In another preferred embodiment of the present invention,
RNA 1s delivered to competent host cells by means of a
retrovirus. One skilled 1n the art would readily understand
this technique of delivering RNA to a host cell by such
means. Any retrovirus which serves to express the protein
encoded by the RNA 1s intended to be included 1n the present
invention.

In another preferred embodiment of the present invention,
nucleic acid 1s delivered through folate receptor means. The
nucleic acid sequence to be delivered to a host cell 1s linked
to polylysine and the complex 1s delivered to the tumor cell
by means of the folate receptor. U.S. Pat. No. 5,108,921
issued Apr. 28, 1992 to Low et al., which 1s mncorporated
herein by reference, describes such delivery components.

Pharmaceutical compositions according to the invention
include delivery components 1n combination with nucleic
acid molecules which further comprise a pharmaceutically
acceptable carriers or vehicles, such as, for example, saline.
Any medium may be used which allows for successtul
delivery of the nucleic acid. One skilled in the art would
readily comprehend the multitude of pharmaceutically
acceptable media that may be used 1n the present invention.

Another aspect of the present invention 1s a method of
treating an individual suspected of undergoing cellular trans-
formation by administering to the individual a pharmaceu-
tical composition comprising a nucleic acid sequence in
combination with delivery components, in an amount suf-
ficient to reverse the transformation. The nucleic acid
sequence encodes a protein that lacks phosphorylation activ-
ity. Individuals suffering from tumors may be identified
using well known techniques. Biopsies may be routinely
performed.

Pharmaceutical compositions may be formulated by one
having ordinary skill in the art with compositions selected
depending upon the chosen mode of administration. Suitable
pharmaceutical carriers are described in Remington’s Phar-
maceutical Sciences, A. Osol, a standard reference text 1n
this field, which 1s incorporated herein by reference.

The pharmaceutical compositions of the present invention
may be administered by any means that enables the active
agent to reach the agent’s site of action in the body of a
mammal. Pharmaceutical compositions may be adminis-
tered parenterally, 1.e., infravenous, subcutaneous, intramus-
cular. Intravenous administration 1s the preferred route.

Dosage varies depending upon known factors such as the
pharmacodynamic characteristics of the particular agent,
and 1ts mode and route of administration; age, health, and
welght of the recipient; nature and extent of symptoms, kind
of concurrent treatment, frequency of treatment, and the
cifect desired.

According to the invention, compounds may be 1dentified
which 1nhibit PITALRE-mediated phosphorylation of
p56°7. In some embodiments, in vitro assays are provided
which compare the phosphorylation activity of PITALRE
immunocomplexes 1n the presence or absence of test com-
pounds.

In preferred embodiments, bacterially produced p56™° is
used as a substrate. The immunocomplexes also phospho-
rylate myelin basic protein (MBP) and casein, but at a lower
level than when the p56™° . Thus, MBP or casein may also
be used as a substrate.
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PITALRE immunocomplexes are obtained from Hela
cells. After serum deprivation and blocking with
hydroxyurea, HelLa cells were allowed to progress through
the cell cycle m a synchronous fashion. Cell fractions were
lysed, and the protein extracts were immunoprecipitated

with affinity purified anti-PITALRE.

In vitro kinase assays are performed using [gamma’“P]
ATP.

A test assay 1s performed by combining PITALRE
immunocomplexes, [gamma °P]ATP and substrate in the
presence of a test compound under conditions 1n which the
substrate would undergo PITALRE immunocomplex medi-
ated phosphorylated with the **p in the absence of the test
compound. The level of substrate phosphorylation that
occurs 1s measured and compared to the level that occurs in
control assays, 1.. conditions in which the substrate would
undergo PITALRE immunocomplex mediated phosphory-
lated with the “*p in the absence of the test compound.
Phosphorylation levels are measured by standard techniques
well known and readily available to those having skill in the
art. If the level of phosphorylation in the test assay is lower

than that in the control assay, the test compound 1s a
PITALRE-inhibitor candidate.

The method of the present 1nvention comprises the steps
of contacting PITALRE immunocomplexes and bacterially
produced p56%°, MBP or casein in the presence of
[eamma”*P]ATP and a test compound under conditions in
which PITALRE would phosphorylate p56™°, MBP or
casein using the >*p of the ATP in the absence of the test
compound. Thus, if the test compound 1nhibits the phos-
phorylation activity of PITALRE, the substrate with not be
phosphorylated. Since the ATP 1s radiolabelled, phosphory-
lation can be detected using standard techniques. The level
of phosphorylation that takes place in the presence of the test
compound 1s compared to the level that occurs 1n a control
assay performed without the test compound.

The PITALRE immunocomplex used in the kinase assay
1s generally that which 1s present 1n about 200 ug of total
protein from cell lysates. Ant1-PITALRE antibodies are used
to 1solate the PITALRE immunocomplex from the total

protein of cell lysates. Preferred cells include HelLa cells and
ML-1 cells.

A preferred range of the amount of p56™° is 0.1-10 ug. A
preferred amount of p56™° is 0.25-1.0 ug.

A preferred range of the amount of MBP 1s 0.1-10 ug. A
preferred amount of MBP 1s 2.5 ug.

A preferred range of the amount of casein 1s 0.1-10 ug.

[camma’?p]ATP is preferably about 3000 Ci/mmol, 10
mCi/ml, 6.66x10° cpm/pmol. A preferred volume of
[gamma®*P]ATP is about 30—50:1 total reaction: ATP.

In some embodiments of the invention, the preferred
concentration of test compound 1s between 1 uM and 500
uM. A preferred concentration 1s 10 uM to 100 uM. In some
preferred embodiments, it 1s desirable to use a series of
dilutions of test compounds.

In some embodiments of the invention, the preferred
range of time and temperature for the assay 1s 1-10 hours at
30-37° C. Preferred temperature and amount of time for the
assay are 30° C. for 0.5-1 hour when using p56™°. Preferred
temperature and amount of time for the assay are 30° C. for
8 hour when using MBP.

According to the method that 1s the invention, the level of
phosphorylation activity in the test assay 1s determined by
removing measuring the level of radioactive phosphorous
attached to the substrate p56™°. In preferred embodiments,
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the amount of labelled phosphorous that 1s bound to sub-
strate 1s measured with scintillation counter.

The present invention relates to kits and reagents for
performing the assay. Kits include one or more containers
having contents selected from the group of reagents:
PITALRE immunocomplexes; antibodies usetul to i1solate
PITALRE immunocomplexes; [gamma’ P]ATP; p56™";
MBP and casein. Kits may also imclude instructions and
controls such as known inhibitors. For example, anti-
PITALRE antibodies that inhibit PITALRE activity may be
provided as controls. Kits may also include instructions for
carrying out assays and interpreting data to identily com-
pounds that are 1nhibitor candidates.

The mvention relates to methods of identifying com-
pounds that enhance PITALRE activity. Such methods kits
and reagents are as described above except that test com-
pounds are 1denfified as enhancer candidates 1f, in the test
assay, the increase the level of phosphorylation relative to
control. The kits, with instructions for analyzing data to
identily enhancer candidate compounds, and reagents of the
invention may be used 1n this method.

The present invention 1s further illustrated by the follow-
ing examples, which are not intended to be limiting 1n any
way.

EXAMPLES

Example 1

With the aim of 1solating additional putative controllers of
the mammalian cell cycle, a combination of PCR amplifi-
cation and low-stringency screening of a human cDNA
library was performed. By using this strategy, a CDC2-
related protein kinase, temporarily named PITALRE for the
characteristic motif Pro-Ile-Thr-Ala-Leu-Arg-Glu (SEQ ID
NO:7) was i1solated and characterized. Its subcellular local-
1zation was determined, several associated proteins were
1dentified, and kinase activity 1n its immunocomplexes was
demonstrated. The regulation of this kinase activity during
the cell division cycle was investigated. These studies define
an additional protein kinase that may be involved in cell
cycle control or 1n differentiation of specific cell types.

Materials and Methods
cDNA Cloning.

Two degenerate oligonucleotides were used 1n the poly-
merase chain reaction (PCR) to amplify =500-bp fragments
related to the cdc2 family of genes. A mouse embryonic
cDNA library was used as a source of cDNA. The 5
oligonucleotide (5'-GCAGGATCCGARAARATYGGNG-
ARGGNACNTA-3' (SEQ ID NO: 8—5'-GCAGGATCCG-
A(GA)AA(GA)AT(TC)GG(GATC)GA(GA)GG(GATCO)A-
C(GATC)TA-3") corresponds to the CDC2 region of amino
acid sequence Glu-Lys-lIle-Gly-Glu-Gly-Thr-Tyr (SEQ ID
NO:9) and the 3' oligonucleotide (5'-CGGCTGCAGARN:-
AYYTCNGGNGMNCKRTACCA-3' (SEQ ID NO:10—5'-
CGGCTGCAGA(GA)GATOA(TOYTO)TC(GATCO)GG-
(GATC)G(AC)(GATC)C(GT)(GA)TACCA-3')) corre-
sponds to the CDC2 region of amino acid sequence Trp-
Tyr-Arg-Ser-Pro-Glu-Val-Leu (SEQ ID NO:11) (R=G or A,
Y=Tor C,N=G,A, T, or C,M=Aor C, and K=G or T). PCR
was carried out for 25 cycles (1 min at 94° C., 2 min at 55°
C., and 3 min at 72° C., followed by a final 8-min incubation
at 72° C.) following manufacturer directions (Perkin-Elmer/
Cetus). The nucleotide sequence of several fragments was
determined. With one of these cdc2-related PCR-amplified
fragments as a probe, a human CEM cDNA library (in
Lambda ZAP II; Stratagene) was screened at low stringency
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(38% formamide containing 0.1% SDS, 150 ug of herring
sperm DNA per ml, 5xDenhardt’s solution (1x=0.02%

polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine serum
albumin), and 5xSSPE (1x=0.18 M NaCl/10 mM phosphate,

pH 7.4/1 mM EDTA). Hybridization was performed at 37°
C. for 16 h, and low-stringency washes were carried out at
37° C. for 20 min in 0.30 M NaCl/0.030 M sodium citrate,
pH 7/0.1% SDS. Two positives contained =~1.4-kb (PK10)
and =1.5-kb (PK14) inserts. Double-stranded DNA
sequence determination was performed by using Sequenase

2.0 (United States Biochemical) and oligonucleotide primers
Comparison of the sequences with the major data bases
showed that the clone of 1.4 kb corresponded to the PSK-
J3/CDK4 and the clone of 1.5 kb encoded a previously
unknown CDC2-related putative Kinase.
Biological Reagents

The coding region of clone PK14 starting at nucleotide 65
was PCR-amplified and subcloned in pGEX-2T (Pharmacia)
linecarized with BamHI/Sma I. Bacterially expressed glu-
tathione S-transferase (GST)-PITALRE fusion protein was
used to immunize rabbits. Positive rabbit serum was aflinity-
purified with GST and GST-PITALRE columns. Preparation
of anti-C-terminal peptide antibodies to CDC2 (G6) and
CDK2 were performed by well known means.
Cell Culture and Biological Assays

Cells were obtained from the American Type Culture
Collection. Cell culture, cell labeling, and centrifugal elu-
triation were performed by well known methods. HeLa cells
were synchronized by serum deprivation and hydroxyurea
treatment. Flow cytometric analysis was performed with an
Epics Elite system (Coulter). Nucleil from HeLa cells were
obtained. Immunoprecipitations were performed.
Immunoprecipitation-reprecipitation experiments and V8
partial digestion mapping were performed using well known
methods. Enhanced chemiluminescence (ECL; Amersham)
was used 1n immunoblot experiments. Kinase assays from
immunoprecipitated complexes were performed at 30° C.
for 2030 min m 20 mM Hepes/10 mM magnesium

acetate/1 mM dithiothreitol/10-100 uM ATP/5 uCi (1 uCi=
37 kBq) of [y’°P]JATP (DuPont) containing 1-5 ug of the
following substrates: myelin basic protein (MBP) and casein
(Sigma), histone H1 (Boehringer Mannheim), p56 retino-
blastoma (RB) bacterially expressed protein, and several
GST fusion proteins (total volume, 25 ul).

Results and Discussion

Isolation of a Human cDNA Encoding an Additional Mem-
ber of the CDC2 Family of Protein Kinases

With the aim of 1solating new members of the CDC2
family of serine/threonine protein kinases, cDNA from a
mouse embryonic library was PCR-amplified by using
degenerate oligonucleotides. Next, a unique PCR clone was
used as a probe to 1solate two human cDNAs. One of them
was PSK-J3, which recently has been renamed CDK4
because of its association with the D-type cyclins. The
second cDNA was found to be 1461 bp long and contained
an open reading frame of 1181 bp. A putative start site for
translation was found at nucleotides 65—67/. Starting at this
methionine, the predicted translation product 1s a 372-amino
acid protein with an expected relative molecular mass of =43
kDa. The 3' noncoding region does not contain a poly(A)
tail. The deduced amino acid sequence contains the 11
conserved regions characteristic of the protein kinase cata-
lytic domain, and the putative. ATP-binding site 1s 1dentical
to that of SGV1, a putative kinase required for a guanine
nucleotide-binding protein ¢ subunit-mediated adaptive
response to pheromone in S. cerevisiae. A PSTAIRE (Pro-

Ser-Thr-Ala-Ile-Arg-Glu (SEQ ID NO:12)-like motif,
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PITALRE, 1s found at residues 60—66 that 1s also closely
related to the motifs of SGV1 and CHED. This protein was
tentatively named “PITALRE, ” until more functional infor-
mation allows for more precise classification. PITALRE has
the two regulatory threonine residues corresponding to posi-

tions 14 and 161 i CDC2, but as in SGV1, the residue
corresponding to Tyr-15 of CDC2 1s not conserved, thus

suggesting an alternative mode of regulation. PITALRE 1is
47% 1dentical to CHED, a human homolog of CDC2

required 1n hematopoiesis. PITALRE shares ~41-43% 1den-
tify (61-65% similarity) with the S. cerevisiae SGV1 kinase
and the human CDC2, CDK?2, CDK3, and CDKJ5 kinases,
but, as mentioned above, certain amino acid clusters are
better conserved 1n relation to SGV1. The protein also
contains short extensions at the amino- and carboxyl-
terminal ends that may have specific regulatory functions,
such as substrate recognition or subcellular localization.
Expression of PITALRE 1in Human Tissues

To determine whether PITALRE 1s also a tissue-specific
kinase, RNA (Northern) blot experiments were performed.
At least two transcripts of =2.8 kb and =3.2 kb are observed
in all tissues tested, which indicates that PITALRE expres-
sion 1s ubiquitous. However, PITALRE expression 1s highest
in liver and placenta, which suggests that PITALRE may be
involved 1n specialized functions i1n certain cell types.
Similarly, high levels of CDKS5 have been detected 1n
neurons, cells no longer 1n the cell cycle; on the other hand,
CDKS5 associates with the D-type cyclins and with prolif-
erating cell nuclear antigen, which paradoxically suggests a
G, cell cycle function. Moreover, other transcripts of higher
molecular mass can be detected 1n some tissues. This may be
due to the presence of partially processed RNA or alternative
splicing or to the existence of related genes. The difference
in size between the RNA ftranscripts and the =1.5-kb
PITALRE cDNA 1s probably due to the presence of long 5
and/or 3' extensions and/or the poly(A) tail.
Athimity-Purified Antibody Recognizes a Cellular Protein of
~43 kDa

To 1dentify the cellular protein encoded by the PITALRE
cDNA, immunoprecipitation/reimmunoprecipitation experi-
ments were performed. Athnity-purified anti-PITALRE anti-
bodies recognized directly a single polypeptide of =43 kDa,
and no other cross-reacting bands were observed. The =~43-
kDa band was detected i immunoprecipitates of lysates
from many cell lines at similar levels, including ML-1,
CEM, Hela, WI38, Col. 38, 293, SAOS-2, and WERI cells,
which 1s consistent with ubiquitous expression. Immunob-
lots of athinity-purified anti-PITALRE immunoprecipitates
also showed a band of 43-kDa. To determine whether or not
the PITALRE cDNA encodes a full-length protein, we
transcribed 1n vitro the cDNA and translated the cCRNA 1n a
rabbit reticulocyte lysate in the presence of [>>SJmethionine.
The 1n vitro synthesized polypeptide had the expected
molecular mass and was immunoprecipitated specifically by
the athnity-purified antibody. To demonstrate that the 1n
vitro translated product and the protein immunoprecipitated
by the antibody from *>S-labeled cell lysates were the same
polypeptide, partial digestion was performed with V8 pro-
tease from the excised bands. The pattern of the V8 partial
digestion was 1dentical.

The ability of the PITALRE antisera and the affinity-
purified antibody to recognize related polypeptides was
tested using 1n vitro translated proteins. PITALRE antibod-
ies were not able to immunoprecipitate 1n vitro translated
CDC2, CDK2, CDK4, and CDKS5. This observation,
together with the 1mmunoprecipitation/
reimmunoprecipitation experiment, indicates that the anti-
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PITALRE antibodies are specific and suitable for the bio-
logical characterization of PITALRE function. On the other
hand, to immunoprecipitate in vitro translated PITALRE we

used several antibodies raised against members of the CDC2
family of protein kinases: G6, GS, anti-PSTAIRE, and

antiCDC2-CT antibodies against CDC2; C-terminal CDK?2,
CDK3, CDK4, and CDKS anti-peptide antibodies; and
antiERK1 and anti-ERK2. Only anti-PSTAIRE antibodies
were able to immunoprecipitate this polypeptide.
Subcellular Localization of PITALRE

To gain additional circumstantial evidence as to the
physiological role of PITALRE 1n cells, its subcellular
location was determined by subcellular fractionation fol-
lowed by Western blotting. PITALRE 1s primarily, if not
exclusively, a nuclear protein. The PITALRE primary
sequence contains a putative nuclear localization signal
which agrees with the consensus sequence present in many
nuclear proteins. Similar signals were found 1n the CHED-
and PCTAIRE-type kinases, but their subcellular localiza-

tion 18 still unknown.
PITAI RE-associated Proteins

The activity of the CDC2 and CDC2-related protein
kinases 1s regulated by phosphorylation and by association
with cyclins. The kinases that interact physically with
cyclins are called CDKs. Some of these kinases are also
known to associate with the tumor suppressor gene product
pPRB or the related protein pl07. To search for known or
unknown proteins that associate with PITALRE, immuno-
precipitations of >°S labeled cell lysates was performed.
Three proteins with molecular masses of =155, =95, and =80
kDa were coimmunoprecipitated with PITALRE. The
absence of these proteins in the 1mmunoprecipitation/
reimmunoprecipitation experiment and in the 1mmunoblot
indicates that they are associated and are not cross-reacting
proteins. These associated polypeptides are not any of the
known cyclins mcluding cyclin X.

PITALRE-Associated RB Protein Kinase Activity

To mvestigate further the function of this putative kinase,
the kinase activity associated with its immunocomplexes
was determined. PITALRE immunocomplexes showed a
strong p56™° kinase activity. The immunocomplexes also
phosphorylated MBP and casein, but at a lower level than
when the p56™° was used as a substrate. Interestingly,
histone H1 was not phosphorylated, which suggests that the
site of phosphorylation 1s different from that recognized by
CDC2 and CDK2. This observation suggests that all three of
these kinases may regulate target molecules through phos-
phorylation 1n non-overlapping signal transduction net-
works. Other exogenous substrates, including CDKs and
cyclins, were not phosphorylated. The associated kinase
activity was also able to phosphorylate PITALRE and 1ts
assoclated proteins, which suggests that these proteins may
be substrates of the PITALRE kinase. The identity of
PITALRE, which runs slightly slower 1n the SDS polyacry-
lamide get, was confirmed by reimmunoprecipitation.

CDC2 and CDK2 kinases have a cell cycle-regulated
kinase activity that can be monitored by using different
exogenous substrates. To examine whether or not PITALRE
shares this cell cycle-modulated behavior, in vitro kinase
assays of PITALRE immunocomplexes during the cell cycle
were performed. After serum deprivation and blocking with
hydroxyurea, cells were allowed to progress through the cell
cycle 1n a synchronous fashion. Cell fractions were lysed,
and the protein extracts were immunoprecipitated with athin-
ity purified anti-PITALRE to determine the kinase activity
towards p56™° exogenous substrate. Phosphorylation of RB
protein during the G, phase of the cell cycle occurs at
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several different sites. The presence of specific sites for
different kinases suggests a multifactorial regulation of this
protein. The lack of regulation throughout the cell cycle
when RB protein 1s added as exogenous substrate does not
necessarlly mean that PITALRE 1s not involved in the
mechanisms controlling cell cycle regulation of RB protein.
CLN3, a G, cyclin from S. cerevisiae does not change in
abundance during the cell division cycle, and 1ts associated
kinase activity also remains 1nvariant.

Example 2

Materials and Methods
cDNA cloning

Two degenerate oligonucleotides were employed 1n the
Polymerase Chain Reaction (PCR) to amplify ~500 bp
fragments related to the cdc2 family of genes by using DNA
isolated from a mouse embryonic cDNA library as a tem-
plate. The 5' oligonucleotide (5'-GCAGGATCC
GARAARATYGGNGARGGNACNTA-3' (SEQ ID
NO:8—5'-GCAGGATCCGA(GA)AA(GA)AT(TO)GG(G-
ATCYGA(GA)GG(GATC)AC(GATC)TA-3")) corresponds
to the CDC2 region of amino acid sequence EKIGEGTY
(SEQ ID NO:13) and the 3' oligonucleotide (5'-
CGGCTGCAGARNAYYTCNGGNGMNCKRTACCA-3
(SEQ ID NO:10—5"-CGGCTGCAGA(GA) GATCO)A(TC)-
(TOTC(GATC)GG(GATC)G(ACH GATC)C(GTHGA)TA-
CCA-3")) corresponds to the CDC2 region of amino acid
sequence WYRSPEVL (SEQ ID NO:14). The PCR reac-
tions contained 5 uM of each primer, 200 uM each dNTP, 10
mM Tris-HC1 pH 8.3, 50 mM KC1, 1.5 mM Mg(Cl,. 0.001%
gelatin, and 2.5 U of Taqg polymerase (Cetus). PCR was
carried out for 25 cycles (1 min at 94° C., 2 min at 55° C.,
3 min at 72° C.) followed by a final 8 min incubation at 72°
C. PCR products were gel purified, digested with BamHI/
Pstl and subcloned 1 pUC18. The nucleotide sequence of
several fragments was determined. One of the cDNAs
encoded a novel putative PSTAIRE-like protein kinase. This
cDNA was labeled by random primer and used to screen a
human cDNA library made from HelL a cells (Lambda-ZAP
11, Stratagene). Screening was performed on 2x106 recom-
binant phages i1t low stringency (38% formamide,
5xDenhart’s solution, 5xSSPE, 0.1% SDS, and 150 jig/ml
herring sperm DNA). Hybridization was performed at 37° C.
for 16 h, and low stringency washes were carried out at 37°
C. for 20 min 1n 2xSSC, 0. 1% SDS. The positive lambda-
phages were purified and the in vivo bluescript (Stratagene)
excision was performed. Double strand DNA sequence was
performed by using the dideoxy chain termination method
utilizing Sequenase 2.0 (United States Biochemical Corp.)
and oligonucleotide primers. To 1solate full length clones we
performed screenings of lambda-ZAP II cDNA libraries
from human HelLa and CEM cells (Stratagene), and 293
cells. These screenings were performed at high stringency
(50% formamide, S5xDenhart’s solution, 5xSSPE, 0.1%
SDS, and 150 ug/ml herring sperm DNA). Hybridization
was performed at 42° C. for 16 h, and three washes were
carried out at 42-50° C. for 20 min 1n 0. IxSSC, 0. 1% SDS.
Rapid Amplification of cDNA Ends (RACE)

Clontech RACE kit was used following manufacturer
directions. The oligonucleotide
5'-GTGCAGATACTGGAGGCCCCGGAG-3' (SEQ ID
NO:15) was used to reverse transcribe poly-(A+) RNA
purified from Hela cells by using oligo-dT magnetic beads
(Promega). The nested oligonucleotide 5'-CTC
CTCGAGTGACCTGAGCCTCCGAGAAGGGTG-3

(SEQ ID NO:16) which contains a tail with a Xhol restric-
tion site for subcloning purposes, was used in the PCR
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reactions. After 45 cycles of amplification a band of ~450 bp
was detected, gel purified, digested with EcoRI/Xhol, and

subcloned in pBluescript (Stratagene).
Northern Blot Analysis.

Two adult and one fetal human tissue blots from Clontech
were used. Each lane contained 2 jig of poly-(A)+RNA. An
o.-dCTP random primer labeled cDNA probe (nt 1-419) was
used for the blot hybridization following the manufacturer’s
directions.

Plasmids

pGEX-2T-PK2JV1 and pGEX-2T-PK2JV2 were con-
structed by PCR using the 5' olignucleotides 5'-CTC
GGATCCGGAATTCCCGTATTCCTGGGACGATGC-3'
(SEQ ID NO:17), and 5'-CTCGGATCCG
GAATTCCCGTGAAGGAGTTTGAGAAG-3' (SEQ ID
NO:18) respectively, and the common 3' oligonucleotide
5'-CAGGAATTCCGGAGTCCTGCCAGGC-3' (SEQ ID
NO:19). The amplified products were digested with either
BamHI or EcoRI and subcloned mto the PGEX-2T vector.
pBSPK2JV1 and pBS-PK2JV?2 were obtained by digesting,
pGEX-2T-PK2JVI and pGEX-2T-PK2JV?2 with BamHI and
subcloning the released inserts in the pbluescript vector
(Stratagene). pBS-PK2JT7 was obtained by digesting. pBS-
PK2J with EcoRI and subcloning the released insert into
pbluescript (selection of correct orientation was carried out
by restriction mapping). pBS-PK2Japal was obtained by
subcloning the Apal restriction fragment of PK2J into pblue-
script.
Recombinant Expression 1n Bacteria

Expression of the fusion protein was performed using
well known methods. 100 uCi of *>S-Met were added the
last 20 min of IPTG induction. After expression, bacteria
were harvested and soluble protein was extracted in 20 mM
tris-HC1, 100 mM NaCl, 1 mM EDTA, 0.5% NP-40, 10
ug/ml leupeptin, and 100 uM PMSF by sonication. Insoluble
protein was extracted 1 the same buffer containing 2%
sarkosyl. Purification and fusion protein elution and cleav-
age were carried out as by well known methods. (1989).
Antibodies

Preparation of specific anti-C-terminal peptide antibodies
to CDC2 (G6) and CDK2 have been described; polygonal
anti-S. pombe CDC2 (C,8) and C-terminal CDK4 and
CDKS5 anti-peptide antibodies were a generous gift of Y.
Xiong and H. Zhang; and, anti-PSTAIRE, -ERKI-III, and
-CDC2-CT were generously supplied by S. Pelech. Anfi-
PITALRE antibodies were obtained by standard methods.
“In vitro” Transcription and Translation

Translation was performed in vitro using the TNT rabbit
reticulocyte lysate kit (Promega) with 35S-Met (translation
grade, Dupont). In vitro translated proteins were immuno-
precipitated using the antibodies.

Results and Discussion

Cloning of PISSLRE cDNAs

Two degenerate oligonucleotides were synthesized based
on the high degree of 1dentity between the deduced amino
acid sequences of CDC2 and CDK2 from different species.
The 5' oligonucleotide corresponded to the amino acid
sequence EKIGEGTY (SEQ ID NO:13) from the conserved
region I and the 3' oligonucleotide corresponded to the
amino acid sequence WYRSPEVL (SEQ ID NO:14) from
the conserved region VIII (Hanks et al, 1988). The poly-
merase chain reaction (PCR) technique was employed to
amplify ~500 bp cDNA fragments containing CDK-related
sequences using as a template DNA 1solated from a mouse
embryo cDNA library. The gel-purified DNA was subcloned
in the pUCI18 vector. From the analysis of the sequence of
several clones, two CDK-related cDNAs were 1dentified
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(PCR-M1 and PCR-M2). The deduced amino acid sequence
revealed that PCR-M1 was PSSALRE. PSSALRE has been
shown to be associated with D-type cyclins, and since then,
called CDK5. PCR-M2 encoded a novel putative CDC2-
related protein kinase, which contained the conserved
PSTAIRE-like motif (PISSLRE). This mouse cDNA as a
probe was used to screen a human cDNA library prepared
from human Hel.a cells. This screening was performed at
low stringency because the probe and the cDNA library
came from different species, and because of the possibility
of 1dentifying other CDC2-related family members. From
this screening, a cDNA clone (PK3A) was isolated which
displayed a high degree of 1dentity with the PCR-amplified
mouse cDNA (87%). The PK3A cDNA was ~1.6 kb long
and contained a poly-(A+) tail. The amino acid sequence
encoded by PK3A contained a “spacer region” of 70 hp 1n
conserved domain VII that, although present 1n the deduced
amino acid sequence of the mouse clone, was not present 1n
other CDK protein kinases. Further analysis of the corre-
sponding cDNA region revealed a change in the codon
frame 1n this region. Moreover, a careful reading of the
cDNA sequence showed putative consensus sites for introns
in the flanking regions of this “spacer”, in both, the human
(GT-66nt-AG) and the mouse (GT-30nt-AG) cDNAs. In
addition, the putative mouse intronic sequence was shorter
than the human and the nucleotide sequence was only
conserved 1n the flanking regions.

Since the clone PK3A was not full length and because of
the presence of putative introns, we re-screened the same
CDNA library using an ~400 bp 5' cDNA restriction frag-
ment of PK3A as a probe. From this second screening,
several clones encoding partial PISSLRE-containing
polypeptides were 1solated. Partial sequence of the positive
clones obtained revealed that the most 5' clone (PK1B)
encoded a polypeptide with an amino terminal sequence
extending further than any of the other known CDKs.
However, no typical mnitiation sites were found upstream of
the conserved ATP binding site. From this same screening,
a clone (PK2B) was obtained which, although shorter than
PK3A, did not contain the “spacer” region. Sequence align-
ment of the two clones confirmed the presence of intron-
initiation and—termination consensus sequences flanking
the cDNA “spacer” in PK3A. Additionally, another putative
intronic sequence of 33 hp was found 1n the PK3A cDNA
sequence. Alignment of PK2B and several CDK sequences
did not show any “spacer” regions indicating that clone
PK2B was free of intronic sequences. Two additional human
libraries (made from human 293 and CEM cell lines) were
screened seeking full length clones. From the screening of
the CEM library, a clone termed PKCB1 was 1solated which,
although longer than PKIB, did not contain any putative
AT G-1nitiation site.

Next, the Rapid Amplification of cDNA Ends (RACE)
was performed by using poly-(A+) RNA obtained from
Hela cells. By using this method, cDNA bands of ~450 bp
were amplified. Sequence alignment of seven independent
clones showed that their 3' terminal-end sequences matched
with the clone PK2B. There was some slight variation 1n the
length of the clones (410+£10 bp) with the exception of one
that contained an intronic region. This intron was also
observed 1n clones PKIB and PKCBI1. The different length
at the 5'-terminal end of the RACE-obtained clones indicates
that they have arisen from different reverse transcribed
cDNAs. In addition, a single point mutation was detected in
only one of these seven independent clones, making the
presence of i1dentical mutations in all the clones unlikely.

The longest RACE clone (RACE2) was ligated to PK2B by
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using their common BstXI site. The resulting clone was
renamed PK2J and was 1424 bp long. An open reading
frame starts at nt 82, just downstream of a stop codon.
Comparison of the deduced amino acid sequences of PK2J
and the DNA sequences present in the GeneBank/EMBL
data bases showed the highest score of i1dentity with p58/
GTA. The first identical amino acid corresponds to nt
100-102 of PK2J and no typical initiation sites are found
between this amino acid and the immediately upstream stop
codon, which indicates that translation should start at a

non-AUG codon. Two candidate initiation codons are found
in frame, a GTA codon (nt 85-87) and a CTG codon (nt

91-93). In addition, a GTG codon (nt 109-111) is found at
the same position where CDC2, CDK2, CDK3, and CDK5
contain their 1nitiation sites. However, the presence of
identity between p58/GTA and the protein encoded by PK2]
upstream of this codon suggests that 1t 1s not the initiation
site.

Structure of the PISSLRE Encoded Protein

Starting at nucleotide 85, the predicted translation product
1s a 316 amino acid protein with an expected relative
molecular mass of ~35.8 kDa. The deduced amino acid
sequence of PK2J contains the hallmarks of a protein kinase,
including the XI conserved regions and a PSTAIRE-like
sequence, PISSLRE (following conventional guidelines, this
characteristic motif will name this kinase until more func-
tional characterization i1s available). The PISSLRE protein
kinase 1s ~55% 1dentical to p58/GTA, a protein kinase which
assoclates to the galactosyl transferase protein. Over-
expression of p58/GTA in CHO cells 1nhibits the entry into
the S phase of the cell cycle, which suggests an involvement
of this kinase 1n the cell cycle regulatory machinery. PISS-
LRE 1s also 38—45% 1dentical to the members of the CDK
family of protein kinases. This putative kinase has a threo-
nine and a tyrosine within the putative ATP binding site at
residues 22 and 23, respectively. These residues have been
shown to negatively regulate the activity of the CDC2/CycB
complex and are conserved 1n most of the members of the
CDK family of protein kinases. PISSLRE also contains the
conserved threonine residue corresponding to the regulatory
threonine 161 from CDC2. Phosphorylation of this residue
in CDC2 activates 1ts Kinase activity.

PISSLRE Expression in Human Tissues

Northern blot analysis was performed to test the expres-
sion of the PISSLRE gene in various human tissues. Two
major bands of 1.7 and 3.6 kb can be detected 1n all adult
fissues. The length of the faster transcript is in agreement
with the length of the c¢cDNAs. The slower band may
represent unprocessed RNA, which would explain the high
number of cDNA clones obtained containing introns.

The levels of expression of PISSLRE in fetal tissues
appear to be lower than 1n adult tissues. Moreover, expres-
sion of PISSLRE 1n lung, liver and kidney 1s higher than in
brain and heart 1n both adult and fetal tissues. Interestingly,
PISSLRE 1s expressed 1n tissues which contain high per-
centage of terminally differentiated cells, which are with-
drawn from the cell cycle. In this context, PISSLRE
resembles CDKS5, a kinase which 1s found to complex with
D-type cyclins and with the proliferating cell nuclear anti-
ogen. The association of CDKS5 with proteins mmvolved 1n the
cell cycle progression 1s 1in contrast with the high levels o
expression of CDK5 1n neurons, cells no longer dividing.
Characterization of the PISSLRE-polypeptide

To analyze the PISSLRE protein, the PK2J cDNA was
transcribed/translated 1n vitro. Three major polypeptides
(26, 29 and 32 kDa) were obtained when transcription was

directed by the T3 RNA polymerase. The 26 and 29 kDa
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polypeptides appeared to correspond to initiation of trans-
lation at the internal methionine residues. To ascertain the
nature of the 32 kDa protein, a series of deletion mutants
were constructed which were subcloned 1 the bluescript
vector. The 32 kDa polypeptide was present in the original
construct (T3 RNA polymerase). However, it was not clearly
present in either the same construct subcloned in the oppo-
site direction (T7 RNA polymerase) or the rest of deletion
mutants. The full length clone and the VI and V2 deletions
(T7 RNA polymerase) showed a shadow of bands of differ-
ent molecular mass between 29 and 32 kDa. The presence of
the 29 kDa polypeptide in PK2Japal, but not in the PK2B 1n
the 1n vitro translations, further indicates the initiation of the
26 and 29 kDa polypeptides at the two internal ATG sites. To
produce full length polypeptides 1nitiated at valines 1 and 2,
we subcloned deletions V1 and V2 in the PGEX-2T vector.
GST fusion proteins were produced in the presence of
»SMet and cleaved with thrombin. Bands corresponding to
the GST moiety and the PISSLRE polypeptides were
observed. The length of the PISSLRE polypeptide from the
GST-V2 construct, which contains two additional amino
acids due to subcloning design, was very close to the 32 kDa
band obtained by using the PK2J construct, which appears
to be also present as a faint band 1n the PK2JV2 1 vitro
translation products. This data may indicate that translation
could start at the GTG codon (nt 109-111) which is in
contrast with the amino acid sequence identity between
PISSLRE and p58/GTA found upstream of this codon. The
nature of the exact position of the initiation site will remain
obscure until cellular PISSLRE 1s 1solated.

Several immunological reagents have been generated to
different members of the cdc2 family of protein kinases.
Some of these reagents cross-react within subfamilies of
these kinases. To test whether or not PISSLRE 1s recognized
by some of these reagents, we used 1n vitro translated
PISSLRE in immunoprecipitation experiments. The 1n vitro
translated PISSLRE. was obtained by using, both T3 and T/
RNA polymerases. The following antibodies were used: GS,
G6 ant1-CDC2-CT, and anti-PSTAIRE antibodies to CD(C2;
C-terminal CDK2, CDK4, and CDKS5 anti-peptide antibod-
1es; anti-ER1-III; and, anti-PITALRE. None of these anti-
bodies was able to specifically immunoprecipitate PISSLRE
polypeptides.

In the past few years, there has been an explosion 1 the
identification of related members of different families of
proteins, such as kinases, cyclins, transcription factors,
phosphatases e¢tc. Thus, 1t seems to be that in higher
cukaryotes, very specialized protein complexes similar in
structure may work 1n different pathways or at various levels
1n a speciiic pathway cascade. An example of that may be the
different Cyclin/CDK complexes working one upstream of
the other 1n the same pathway. This 1s the case of the
CDC2-related kinase CAK/p40™“*> which regulates the
activity of CDK/cyclin complexes. The identification and
functional characterization of all partners mvolved 1n these
critical pathways will allow the design of drugs that will
permit one to either block or bypass the “out of control
functions” of specific protein complexes 1n certain disease
states and lead to the restoration of normal functions.

Example 3

Orderly progression through the cell cycle requires
sequential activation and inactivation of cyclin-dependent
kinases (cdks). This is achieved in part through the associa-
tion of cdks with positive regulators called cyclins and
inactivation of cyclin-cdk complexes by a rapidly growing
number of cyclin-cdk ihibitors. Recently, the role of cell
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cycle control proteins both as primary effectors and as
mediators of tumorigenesis has become a subject of
increased interest.

As a first step 1n 1nvestigating the possible involvement of
cdc? related kinases and cdk inhibitors in human tumors, a
rodent-human hybrid panel was screened for the presence of
these genes to determine the chromosomal locations of
cdk3, cdk6, PISSLRE, PITALRE and p27. The regions
where the genes were mapped on the chromosomes were
examined to determine 1f such chromosomal regions may be
altered 1n human tumors and the possible involvement of the
ogenes 1n some of these malignancies. The regions where the
ogenes for these proteins map were analyzed to determine
correlation to chromosome regions ivolved 1 loss of
heterozygosity (LOH) in breast and other tumors.

Materials and Methods

Rodent-human Hybrids

Hybrid DNAs were from previously described rodent-
human hybrid cell lines (Huebner, K. et al. AM. J. Hum.
Genet., 48:726—740, 1991; Huebner, K., et al. Hum. Genet.,
01:217-223, 1993; and LaForgia, S., et al. Proc. Natl. Acad.
Sci. USA, 81:5036-5040, 1991, which are each incorporated
herein by reference) or from the Human Genetic Mutant Cell
Repository (HGMCR, Coriell Institute, Camden, N.J.).
PCR Amplification

PCR amplification was carried out on 100 ng of genomic
DNA from human placenta, mouse, hamster, and rodent-
human hybrids with 300 ng each of forward and reverse
primer. Thirty cycles of amplification were carried out as
follows: 94° C. 30 sec; 60° C. 30 sec; 72° C. 30 sec. PCR
products were separated 1 1.5% agarose gels, denatured,
neutralized and transferred to Hybond-C nylon membranes
(Amersham). Filters were processed as described below. For
cach gene to be mapped, several primer pairs were tested on
human, mouse and hamster DNA 1n order to obtain a human
specific amplification product of the expected size which
hybridized with the appropriate oligonucleotide or cDNA
probe. Forward primers were given odd numbers and reverse
primers were given even numbers. Oligonucleotide primers
used for amplification were:

03cdko6, 5' ACCTCGGAGCTGAATACA 3 (SEQ ID NO:20);
04cdko, 5' TTCCTTGGAGAAGCAGAG 3 (SEQ ID NO:21);
01p27, 5" GTGGACCACGAAGAGTTA 3 (SEQ ID NO:22);
02p27, 5’ CTCTTGCCACTCGTACTT 3' (SEQ ID NO:23);
01PIS, 5' ACATCCTCCACTGACTTC 3 (SEQ ID NO:24);
02PIS, 5' TCCCAAGAAGCAGTGGTT 3 (SEQ ID NO:25);
01PIT, 5' TTGCCACTAGGGCTICITG 3 (SEQ ID NO:26);
02PIT, 5' CAGCAAGGACAAGACA 3 (SEQ ID NO:27).

Southern Blotting

DNA was 1solated from rodent-human hybrids, mouse
and hamster cell lines and CLL tumor samples by standard
phenolchloroform extraction. Restriction enzymes
(Boehringer Mannheim) were used to digest 10 ug of DNA
for rodent-human hybrid Southern blots and 5 ug of DNA for
Southern blots with tumor samples. Human placenta DNA
(ONCOR) was used as a positive control. Digested DNA
was size fractionated by gel electrophoresis 1 0.7% agarose
for 16 hr at 22 V, depurinated, denatured, and vacuum
transferred onto Sure Blot nylon membranes (ONCOR)
following Probe Tech 2 manufacturer’s instructions
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(ONCOR). After transfer membranes were baked for 1 hr at
80 C. and prehybridized in 5xSaline-sodium phosphate-
EDTA (SSPE), 5xDenhardt’s, 1% SDS, 0.1 xg/ml salmon
sperm DNA solution at 65° C. for 1 hr. Filters were hybrid-
ized for 16 hr at 65 C. using approximately 5x10° cpm/ml
hybridization solution. Filters were then washed at 65° C.
sequentially in 2xSaline-sodium citrate (SSC)-0.1% Sodium

Dodecyl Sulfate (SDS) for 30 min; 0.2x SSC-0.1% SDS for
20 min; and 0.1xSSC-0.1% SDS for 10 min. Finally, filters
were exposed to Kodak X-Omat AR film with two DuPont
Cronex Lightning-plus intensifying screens at =70° C. for 16
or 96 hrs.

cDNA Probes.

Complementary DNA (cDNA) probes for cdk2, cdk3,
cdk4, MDM?2, and p27 which were used 1n this study were
graciously provided by the laboratories involved in the
cloning and characterization of these genes (Meyerson, M.,
et al. EMBO Journal, 11:2209-2917, 1992; Oliner, J. D.,
Nature, 358:80-83, 1992; Polyack, K., et al. Cell, 78:59-66,
1994; Tsai, Li-H., et al. Nature, 353:174-177, 1991; and
Xiong, Y., et al. Cell, 71:504-514, 1992, which are each
incorporated herein by reference). The cDNA probes for
PISSLRE and PITALRE were cloned as described in
(Grana, X., Oncogene 9:2097-2103, 1994 and Grana, X.,
Proc. Natl. Acad. Sci1. USA, 91:3834-3838, 1994, which are
both incorporated herein by reference). cDNA inserts for use
1in hybridization experiments were excised from vector DNA
by digestion with the appropriate restriction enzyme and
radiolabelled by random priming to a specific activity of
10°-10" cpm/ug using the Prime it II kit (Stratagene).
Oligonucleotide Probes

The following probes were used.

05cdk6, 5' TGATCCTGCGGAGAACAC
CCITGG 3

(SEQ ID NO:28)

and

05p27, 5" ACTGCAGAGACATGGAAGA

GGCGA 3 (SEQ ID NO:29)

These oligonucleotides, which hybridize to sequence inter-
nal to the expected amplification products for cdk6 and p27,
respectively, were used to probe Southern blots of PCR
amplified gene fragments. Oligonucleotides were end-
labeled with polynucleotide kinase (Boehringer Mannheim)
following standard procedures. Hybridization and washing
of PCR Southern blots was carried out as for genomic blots.
PCR filters were exposed to X-ray film for 30 min at room
temperature.

Results

A panel of twenty rodent-human hybrids retaining indi-
vidual chromosome, and human and rodent control DNAs
were tested by Southern blot or PCR amplification for the
presence of human cdk3, cdk6, PISSLRE, PITALRE or p27
gene sequences. Regional localization of each gene within
the assigned chromosome was then achieved by testing a
small panel of rodent-human hybrids retaining defined sub-
regions of the relevant chromosome.

To determine the chromosome location of the cdk3 gene,
DNAs from the hybrid panel were digested with EcoRI,
clectrophoresed, transterred and hybridized to the cdk3
cDNA. The cdk3 gene was present only 1n hybrids retaining
human chromosome 17. Hybrids were used to further local-

1ze the cdk3 gene to 17g22-gter. The cdk3 locus is telomeric
to the recently identified BRCA1 gene (Miki, Y., et al.

Science, 266: 66—71, 1994). Two distinct regions of LOH
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telomeric to the BRCATI locus have been described 1n breast
cancer (Cropp, C. S., et al. Cancer Res., 53:5617-5619,
1993). In order to investigate the possible involvement of the
cdk3 gene 1n breast cancer; several breast cancer cell lines
known to carry LOH at 17q were examined by Southern
blotting to 1dentify alterations of the gene. No evidence of
cdk3 deletion was found. However, preliminary data indi-

cates the presence of a cdk3 rearrangement or polymorphism
in the MDA-MB-543 breast cancer cell line. Abnormal

bands 1n MDA-MB-543 DNA were detected with two of
eight enzymes tested.

The chromosomal location of the loci for each of cdk6,
PISSLRE, PITALRE, and p27 was determined by screening
individual hybrid DNAs from the hybrid mapping panel for
the presence of a specific PCR amplified product of the
expected size using oligonucleotide pairs specific for each
ogene sequence. In order to increase specificity, primers were
sometimes selected within 3' or 5' untranslated regions of
available CDNA sequences. When untranslated regions
were not suitable for primer design, primers were chosen
within the least conserved regions of the cDNAs. The same
oligonucleotide pairs were then used to sublocalize these
genes to specific regions within assigned chromosomes. The
specificity of amplified PCR products was confirmed by
hybridization to cDNA (PISSLRE and PITALRE) or oligo-
nucleotide probes (cdk6 and p27). The regional localization

of each of the genes was determined: cdk6 at 7pl3-cen;
PISSLRE at 16q24; PITALRE at 9g34.1; and p27 at 12p13.

Chromosome 12 numerical abnormalities are associated
with a variety of human tumors. In particular, trisomy 12 has
been associated with a high percentage of chronic lympho-
cytic leukemia (CLL) and ovarian tumors. Trisomy 11 in
ALL has been shown to represent a masked rearrangement
of the ALL-1 gene 1nvolved 1n translocations of chromo-
some 11 at band g23 characteristic of acute leukemias. In
order to determine whether a stmilar phenomenon resulting
in activating rearrangements of putative oncogenes (cdk2,
cdk4, and MDM2) located on chromosome 12 or in the
production of dominant negative forms of the cyclin-cdk
inhibitor p27, might be occurring 1n CLL, more than twenty
DNAs from randomly selected CLL patients were examined
by Southern blotting with cDNA probes for cdk4, cdk2,
MDM?2, and p27. No evidence of rearrangement for p27,
cdk4 or MDM?2 was found in Southern blots of CLL tumor
DNA digested with EcoRI, BamHI, and HindIlI restriction

CIZVIIICS.

Discussion

The imvolvement of a cyclin dependent kinase (cdk4), a
cyclin (cyclin D1), and an inhibitor of cyclin-cdk complexes
(p16) in human neoplasia and the localization of members of
these gene families near chromosomal regions known to be
involved 1n alterations in several human malignancies, as
described herein, encourage speculation that one or more of
these genes could similarly be candidates for contribution to
oncogenic transformation. The gene for cdk3 was mapped to
chromosome 17q22-gter telomeric to the BRCAI locus. The
possible 1nvolvement of cdk3 within reported regions of
[LLOH telomeric to BRCAI1 1n breast cancer and a possible
rearrangement of the gene was found 1n the MDA-MB-543
cell line was mvestigated. This rearrangement may result in
the deregulation of cdk3 gene expression or in the produc-
fion of an abnormal transcript. Alternatively, the rearrange-
ment in the MDA-MB-543 cell line could result in a deletion
encompassing a target gene 1n the region. Such a rearrange-
ment with concurrent amplification of the ERBB2 gene was
described 1n the BT474 breast cancer cell line. A deletion,
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possibly targeting the BRCA1 gene 1n this cell line was
found to result 1n the expression of THRA1-BTR fusion

transcripts (Futreal, P. A., et al., Cancer Res.
54:1791-17794, 1994). Thus, although a primary role for

cdk3 1n breast carcinogenesis 1s unlikely, 1t 1s possible that
because of 1ts putative oncogenic capacity, it 1s the target of
secondary rearrangements which could have phenotypic

consequences.

Cdk6 and PITALRE map to chromosomes 7pl13-cen and
9g34.1, respectively. Both regions are 1mvolved 1n non-
random chromosomal alterations. Deletions involving chro-
mosome 7/ at band p13 have been reported to be associated
with non-Hodgkin’s Lymphoma (NHL) where they prob-
ably represent a secondary chromosomal abnormality. T-cell
NHL, on the other hand, have been reported to carry
abnormalities involving chromosome 9 at band q34. Also, a
t((8;9) translocation involving 9934 has been observed in
myeloproliferative disorders. Allelic losses at 9934 have

been reported in several malignancies. In particular, more
than 40% of bladder tumors demonstrate LOH at 9q34.1-2.

Both cdk6 and PITALRE are thought to be positive regula-
tors of cell cycle progression and are therefore unlikely to be
inactivated by deletions. The cdk6 gene may be near the
EGFR region that 1s amplified or overexpressed 1in some
tumors.

MDM?2 expression, like that of the cyclin-cdk inhibitor,
p21 at 6p21 1s regulated by the p53 tumor suppressor and
was reported to be one of the amplification targets at band
12q13 1in human sarcomas. As mentioned previously, cdk4
and GLI are also included in the 12q13 amplicon. The p27
ogene was mapped to chromosome 12 at band p13. Chromo-
some 12 abnormalities have been reported 1n a significant
number of CLL. More than twenty patient DNAs were tested
by Southern blotting for abnormalities 1n the MDM?2, cdk?2,
cdk4, and p27 genes. No evidence of rearrangement at the
genomic level was found with any of the cDNA probes.
Overexpression of MDM?2 without evidence of DNA rear-
rangements was recently reported 1n CLL suggesting a role
for this gene as a secondary mediator of transformation or
tumor progression. The possibility of involvement of these
ogenes 1 CLL through point mutations or rearrangements
occurring outside the regions examined which could include
regulatory sequences cannot be excluded. However, since
oross alterations of the type known to result 1n oncogene
activation do not appear to occur 1n a significant number of
cases, 1t seems unlikely that any of these genes play a role
as primary effectors of tumorigenesis in CLL. P27 may be
active only 1n the presence of growth inhibitory extracellular
signals, such as natural anti-mitogens and p27 activation
may play a role in promoting stem cell differentiation. The
possibility that p27, in concert with pl15™**" another
recently cloned cdk inhibitor, 1s implicated in TGF{} arrested
or contact inhibited cells, 1s currently under investigation
using several leukemic cell lines. Additional chromosomal
abnormalities which could the mnvolve the p27 gene at 12p13
include 1sochromosomes of the short arm of chromosome 12
which constitute a characteristic abnormality in male germ
cell tumors. More relevant to the possible involvement of a
putative tumor suppressor, deletions of 12pl3 have been
observed 1n chronic lymphoproliferative disorders and dele-
tions of 12pl11-p13 have been observed 1n acute lympho-
blastic and acute myeloblastic leukemia.

Finally, the gene for PISSLRE which maps to 16g24 1s

located 1n a region of reported LOH 1n breast, prostatic and

other tumors. The predicted amino acid sequence of the
PISSLRE protein shows highest homology (55% identity in
the catalytic domain) to p58/GTA which has been shown to
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inhibit entry into S phase when over-expressed in CHO
cells. Thus, although PISSLRE was cloned through homol-
ogy to positive cell cycle regulators (the cdc2 family) , it
may actually function as a negative regulator of cell cycle
progression. A loss or rearrangement of this gene 1n prostatic
or breast carcinoma cell lines and tissue samples 1s currently
under investigation, as well as the characterization of can-
didate 1nteracting proteins that will help define its cell cycle
contributions.

In summary, the genes for five proteins with putative roles
in cell cycle control have been localized. Their chromosomal
locations and proposed functions are consistent with pos-
sible involvement of some of these genes 1n the pathogenesis
of human neoplasia.

Example 4

Gene constructs were made to test the effect of wild-type,
antisense and phosphorylation-deficient mutants of
PITALRE and PISSLRE on the phenotype of transtormed
cell lines. Gene constructs were made using pcDNA3
(Invitrogen Corp., San Diego) into which coding sequences

were 1nserted, thereby placing them under the control of
CMYV promoter. Wild-type constructs of PITALRE and

PISSLRE included SEQ ID NO:1 and SEQ ID NO:3,
respectively, mserted into pcDNA3. Antisense constructs of
PITALRE and PISSLRE included nucleotide sequences
complementary to SEQ ID NO:1 and SEQ ID NO:3,
respectively, inserted into pcDNA3. Phosphorylation defi-
cient mutant constructs of PITALRE and PISSLRE included
nucleotide sequences with modifications to SEQ ID NO:1
and SEQ ID NO:3, respectively, inserted mto pcDNA3.
Phosphorylation deficient mutants were generated by site
directed mutagenesis to the consensus phosphorus transfer
region. The consensus sequence KLADFGLAR (SEQ ID
NO:5) is found in cdc2-related kinases and considered to be
essential in the phospho-transfer reaction (See: van den
Heuvel, S. and E. Harlow 1993 Science 262:2050-2054,
which is incorporated herein by reference)3. The sequence 1s
present as KLADFGLAR (SEQ ID NO:5) in PITALRE. The
sequence 1s present as KTADFGLAR (SEQ ID NO:6) in
PISSLRE. In phosphorylation deficient mutants, the D
(aspartic acid) is replaced with an N (asparagine) and the
phosphorylation activity of the protein 1s lost. SEQ ID
NO:29 shows the amino acid sequence of the phosphoryla-
tion deficient PITALRE. SEQ ID NO:31 shows the amino
acid sequence of the phosphorylation deficient PISSLRE. In
phosphorylation deficient mutants, the D (aspartic acid) 1s
replaced with an N (asparagine) and the phosphorylation
activity of the protein 1s lost. As a control, pcDNA3 without
insert was used as the seventh construct.

Co-transfection of each of the seven constructs was
performed using 20 ug of construct DNA and 5 ug of CD20
expression construct. Co-transfection was carried out using
standard protocols. CD20" cells were selected using stan-
dard techniques with anti-CD20 FITC antibodies and a cell
sorter. CD20" were cultured 72 hours and stained. Foci were
counted.

The data 1s shown in FIG. 1. Control is vector only (i.e.
pcDNA-3 without insert). Wild-type PITALRE is the coding
region of SEQ ID NO:1 1n the recombinant vector pcDNA-3
under the control of the CMV promoter of the vector.
Antisense PITALRE 1s the antisense sequence of the coding,
region of SEQ ID NO:1 in the recombinant vector pcDNA-3
under the control of the CMV promoter of the vector.
Phosphorylation deficient PITALRE 1s a mutated form of the
coding region of SEQ ID NO:1 such that SEQ ID NO:30 1s
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produced. The coding sequence which encodes SEQ ID
NO:30 1s in the recombinant vector pcDNA-3 under the
control of the CMV promoter of the vector. Wild-type
PISSLRE 1s the coding region of SEQ ID NO:3 m the
recombinant vector pcDNA-3 under the control of the CMV
promoter of the vector. Antisense PISSLRE 1s the antisense
sequence of the coding region of SEQ ID NO:3 in the

recombinant vector pcDNA-3 under the control of the CMV
promoter of the vector. Phosphorylation deficient PISSLRE
1s a mutated form of the coding region of SEQ ID NO:3 such
that SEQ ID NO:31 1s produced. The coding sequence which
endcodes SEQ ID NO:31 1s in the recombinant vector
pcDNA-3 under the control of the CMV promoter of the
vector.

The data clearly indicate that the presence of either the

antisense transcript or phosphorylation deficient PITALRE
or PISSALRE blocks progress of the cells through G,/M.

The presence of antisense also 1nhibited the progress of the
cells through the G,/M phase of the cell cycle. By blocking
the progress of the cells through the cell cycle, cell division
and, thus, cell proliferation 1s prevented.

Example 5

PITALRE immunocomplexes may be 1solated from fro-
zen cells. HelLa cells are useful for isolating PITALRE

immunocomplexes. The following 1s an 1mmunoprecipita-
tion protocol for isolating the immunocomplexes

1. Thaw out 1 pellet of frozen cells.

2. Add 0.5-1 ml lysis buffer*”
min 1n 1ce.

per pellet and incubate 30

3. a) Spin down 10 min. Transfer supernatant to a fresh
tube, add 40 ul/pellet of Normal Rabbit Sera and incubate 30
min 1n ice.

b) Thaw out 1 pellet (1 ml) of frozen SAC

(Staphylococcus aureus Colan) (Zysorbin 100 ml, Zymed)
and keep 1t 1n 1ce until 1t sediments.

Spin down 20-30 sec.
Resuspend 1n 1 ml of lysis buffer.

Spin down 10-30 sec.

5. Resuspend the SAC pellet with the NRbS-blocked cell

lysate, and incubate 30 min in ice.

6. Spin down 10 min. Carefully transfer the precleared
supernatant without taking any SAC (spin down again and
repeat if necessary).

7. Split the precleared lysate into aliquots (100-300 ul).

8. Add the primary antibody (o PITALRE 5-10 ug)

9. Add 30-40 ul of Protein A-Sepharose (Pierce, Ref.
20334), and rock for 1 hour at 4° C.

10. Spin down 5-10 sec, and resuspend 1n 1 ml of lysis
buffer, vortex briefly.

11. Repeat step 9 twice.

12. Spin down 5-10 sec, aspirate and add Laecmmli’s

Sample Buifer 30—40. Boil the samples 3 min and spin them
down. The samples are now ready for SDS/PAGE.
*Lysis buffer:

50 mM Tris-Cl pH 7.4 25 ml of 1M
5 mM EDTA 5 ml of 0.5M

250 mM NaCl 25 ml of 5M

50 mM NaF 50 ml of 0.5M

0.1% Triton X-100 0.5 ml

0.1 mM Na,VO, 0.5 ml of 0.1M

H,O 394 ml (store at 4° C.)
For immediate use:

tTer stock 50 ml

Lysis bu



0,162,612

27
1 mM PMSG (1 aliquot) 0.5 ml of 100 mM
10 ug/ml leupeptin

(1 aliquot) 50 ul of 10 mg/ml
*Rabbit anti-IgG:Cappel, Ref. 55480

Example 6

In vitro assays to detect phosphorylation by isolated
PITALRE immunocomplexes are performed by as follows.

1. Perform an immunoprecipitation as described in the
immunoprecipitation protocol above except step 12 1s not
followed. For some antibodies it 1s convenient to perform
additional preclearing, 1.e.:

2 additional SAC preclearing steps (30 min).

1-2 incubations with PAS, 100 ul/pellet (45 min to O/N).

2. Once the immunoprecipitation 1s completed up to step
11 as described above, the protein-A-sepharose beads con-
taining the immunocomplexes are washed once with kinase
buffer (20 mM HEPES pH 7.4, 10 mM MgAc-). The
material 1s then spun down 5-10 sec, aspirate and the pellet
1s used 1n the kinase assay as follows.

3. Reaction buffer will depend on the protemn kinases
present 1n the immunocomplexes. For example:

add to the washed beads (the pellet)

5 ul of substrate (1 ug).
20 ul of reaction buffer and mix by short vortex.

incubate 30 min at 30° C.
stop the reaction by adding 2xLaemmli sample bufter.

load a SDS polyacrylamide gel.
Reaction Buffer (prepared on ice):

2.5xa ul 10xkinase Assay Buffer (KAS)
(17.5xa)-a ul H,O
a/2 ul y->°P-ATP(last step, just before starting the

reaction)
10xKinase Assay Buffer (KAS):

200 mM HEPES pH 7.4
100mM MgAc
200 uM ATP

10 mM DTT vy->*P-ATP from Dupont 3000 Ci/mmol, 10
mCi/ml, 6.66 10° cpm/pmol (NEG-002A).

Example 7

Materials and Methods
Normal Tissues and Cell Lines

Normal tissues were analyzed. The tissue was either from
biopsy or autopsy performed within 10 hours of the patient’s
death. All of the tissues were formalin fixed and paraifin
embedded. Representative sections of each specimen were
stained with hematoxylin-eosin and examined by a patholo-
o1st to confirm the histological preservation of the microana-
tomic structure. Several specimens from different 1ndividu-
als were analyzed for each of the tissues examined.

The human tumor cell lines SAOS-2 (osteosarcoma) was
obtained from the American Type Culture Collection and
maintained in culture 1n Dulbecco’s modified Eagle medium
(DMEM) with 10% fetal calf serum (FCS) at 37° C. in a
10% CO.,-containing atmosphere.

Antibodies

The rabbit polyclonal immune serum against PITALRE
was produced by immunizing rabbits with a peptide corre-
sponding to the carboxy terminus of the protein.

In vitro Transcription-translation

In vitro transcription of cDNA clones was performed by

a T7 RNA polymerase, capping reaction. Briefly, after
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phenol/chloroform extraction and ethanol precipitation, the
transcription products were used as substrates for 1 vitro
translation using a rabbit reticulocyte lysate (Promega) and
>>S-methionine as a radioactive label.
Immunohistochemistry

Briefly, sections of each specimen were cut at 3—5 um,
mounted on glass and dried overnight at 37° C. All the
sections were then deparafhinized i1n xylene, rehydrated
through graded alcohol series and washed in PBS. This
buffer was used for all subsequent washes and for the

dilution of the antibodies. Tissue sections were sequentially
quenched m 0.5% hydrogen peroxide and blocked with
diluted 10% normal goat anti-rabbit serum. Slides were then
incubated for 1 hour at room temperature with the rabbat
polyclonal immune serums raised against PITALRE at
1:1000 dilution, then incubated with diluted goat anti-rabbit
biotinylated antibody (Vector Laboratories) for 30 min at
room temperature. After washing i PBS, the slides were
processed by the ABC method (Vector Laboratories) for 30
min at room temperature. Diaminobenzidine was used as the
final chromogen, and hematoxylin as the nuclear counter-
stain. Negative controls for each tissue section consisted of
substitution of the primary antibody with the pre-immune
secrum. All the samples were processed under the same
conditions. Three 1nvestigators separately evaluated the
staining pattern of the protein. For the immunocytochemical
studies, SAOS 2 cells were grown on slides and fixed 1n 50%
acetone/methanol at 4° C. for 5 min and then processed as
described for the tissues.

Results
Antibody Specific for PITALRE

A polyclonal anti-peptide antibody specific for carboxy-
terminal amino acids of human PITALRE was prepared by
immunizations of rabbits. The specificity of this antibody
was confirmed by immunoprecipitation experiments. By
using cell lysates from >>S-labeled ML-1 cells, PITALRE
was observed to migrate with an apparent molecular mass of
45 kDa. The ability for this antibody to show cross-reactivity
with the other members of the cdc2-related family of protein
kinases was then investigated. The antibody was able to
immunoprecipitate only the in vitro translated from corre-
sponding to PITALRE.

To validate the suitability of this antibody 1n immunohis-
tochemical studies, immunocytochemical experiments were
performed using an human osteosarcoma cell line bearing a
defective pRb molecule that lacks exons 21-27. The anti-
body gave a speciiic staining pattern with the 1mmunoreac-
tfivity localized 1n the nucleus 1n a high percentage of target
cells. However, a certain degree of heterogeneity in the
intensity of PITALRE staining was observed within the
overall cell population. Preincubation of the antibody with
an excess of the respective immunizing antigen, blocked the
immunocytochemical reaction, thus confirming the specific-
ity of the antibody for PITALRE proteins.

Expression Pattern of PITALRE 1in Normal Human Tissues

Immunohistochemical techniques were used to determine
the localization of PITALRE 1n specific adult human cell
types. Several specimens from different individuals were
analyzed for each of the tissues examined. PITALRE was
found to be expressed ubiquitously, although a different
fissue distribution and/or level of expression was detected in
several organs. The pattern of staiming of the protein
deserves special mention. In several tissues the staining was
clearly confined to the nucle1 of the cells, however 1n others
the 1mmunoreactivity was often visible 1n the cytoplasm.
This phenomenon could be related to the proteolytic effects
of formalin on the tissues, that can give same artifacts. In
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fact, 1n all of the samples that were readily stained following
the fixation, such as cultured cells and blood films, the
staining pattern was always clearly nuclear, with essentially
no significant cytoplasmic localization.

Expression of PITALRE 1n Epithelia

Generally epithelial cells showed positive staining for
PITALRE, either 1n simple epithelium or in stratified epi-
thelium. In the skin, medium expression level for PITALRE
was found 1n some cutaneous annex, such as the hair
follicles and the sebaceous gland. Strong immunoreactivity
was also detected in the stratified columnar epithelia of
trachea, bronchi and in the adjacent glands. The pneu-
mocytes displayed temperate nuclear immunoreactivity for
the protein. The glandular epithelium of the breast showed
low levels of expression for PITALRE.

In the gastrointestinal system, strong positive nuclear
staining for this protein was found in salivary glands,
especially in ductal cells, in the epithelium of the stomach
and 1n the gall bladder epithelia. Low to undetectable levels
of 1mmunoreactivity were found in the small and large
intestine, esophagus and liver. In the pancreas we recognized
a characteristic expression pattern for PITALRE, with low
expression 1n the exocrine component and a strong staining
in 1slets of Langherans.

In the urinary system stronger reactivities for PITALRE
were found 1n the distal tubules and collecting tubules, while
the proximal tubules and the uroepithelium had a low level
of immunoreactivity; the glomeruli were negative. The
epithelia of the prostate showed a medium level of expres-
sion for this protein.

Intermediate levels of 1immunoreactivity were observed
for PITALRE 1n the thyroid, hypophysis and cortical portion
of the adrenal glands, while the chromaftfin portion had a
stronger reactivity.

A specific pattern of PITALRE expression was found 1n
the reproductive system. The cells of the ovary (granulosa
and germ cells) as well as the epithelium of the salpinx and
the endometrium had a medium expression level of
PITALRE, while the vagina showed a low level of expres-
sion. On the other hand, the testis had low to undetectable

level of expression for this protein.
Expression of PITALRE 1n Soft Tissues

SEQUENCE LISTING

<l160> NUMBER OF SEQ ID NOS: 31
<210> SEQ ID NO 1

<211> LENGTH: 1461

<212> TYPE: DNA

<213> ORGANISM: Homo sapilens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (65)..(1180)
<400> SEQUENCE: 1

cgggacccga gcaggagcgg cggcacgagc agctgggggc ggcggcggcg cgttggaggce

ggcc atg gca aag cag tac gac tcg gtg gag tgc cct ttt tgt gat gaa
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Medium immunoreactivity for PITALRE was observed 1n
smooth muscle cells 1n all of the specimens examined. Low
to undetectable levels of the protein were found 1n
adipocytes, fibroblasts, chondrocytes and endothelial cells.
Expression of PITALRE 1n Central and Peripheral Nervous
System

Neurons from different areas analyzed of the brain, such
as frontal cortex and midbrain, and cells of the granular level
of the cerebellum and Purkinje cells displayed a weak
nuclear staining. Perineural and endoneural cells of periph-
eral nerves and ganglion cells showed low to undetectable
levels of the protein. On the other hand astrocytes and
microglial cells had undetectable levels of expression of
PITALRE.

Expression of PITALRE 1n Hematopoietic Cells

High levels of PITALRE were observed 1n both peripheral
T cells and B cells 1n blood films as well as 1n monocytes,
cosinophils, neutrophils and basophils. Interestingly, a less
staining was found in lymphoid organs such as spleen ad
thymus.

Discussion

Members of the cdc2-related protein kinase family con-
strain normal cell proliferation by regulating cell cycle
progression. The spectrum of expression of PITALRE 1n
normal human fissues was investigated and the results are
reported here. From the data presented, it 1s possible to
conclude that PITALRE has an ubiquitous pattern of expres-
s101.

However, a different tissue distribution and/or level of
expression was detected 1n several organs. For example all
of the epithelia showed clear immunoreactivity for
PITALRE. Interestingly, certain tissues, such as the endo-
crine portion of the pancreas, the hypophysis in the chro-
maifin zone, and all the hematopoietic cells showed very
higch expression level for PITALRE. On the other hand,
some others specialized tissues, such as the cells of the
nervous system and of the connective tissue, had very low
level of expression for PITALRE. The highest level of
expression found in blood tissue and in the insulae of
[Langherans.
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Gly

tgg
Trp

gcc
Ala

aac

Asn
255

cag
Gln

tac
Tyr

cgc
Arg

cCccC
Pro

atg
Met
335

cag
Gln

205

253

301

349

397

445

49 3

541

589

637

685

733

781

829

877

925

973

1021

1069

1117
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cag
Gln

ttt
Phe

tcttctgcta tgtgacttgce

tattttattt aatccccacc
gcattggctg agagaccagqg

ggttcccaga gggtttccat

9

<210>
<211>
<212>
<213>

<400>

Met
1

Ser

val

Arg

65

Leu

Gly

Leu

val

Ile

145

Gly

Ala

Trp

Pro

Arg

225

Tle

tcc
Ser

gag
Glu

acc
Thr

cgc
Arqg
370

33
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—continued

aac cag agt cgc aat ccc gcc acc acc aac cag acg gag
Asn Gln Ser Arg Asn Pro Ala Thr Thr Asn Gln Thr Glu

355

360

365

gtc ttc tgagggccgg cgcttgccac tagggctcectt gtgttttttt

vVal

Phe

atcgtggaga

ctgggctctg

agggcactgqg

ggggtaggag

cagggcattt
ggagcagccc
agctgtcttg

gatgggctcg

SEQ ID NO 2
LENGTH: 372
TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 2

Ala Lys Gln

Lys

Phe

Vval

50

Glu

Tle

Ser

Leu

Met

130

Leu

val

Tle
210
Ser

Ser

Asn

Tyr

Lys

35

Leu

Tle

Glu

Tle

Ser

115

Gln

His

Leu

Asn

Arg

195

Asp

Pro

Gln

vVal
275

Glu
20
Ala

Met

Tle

Tyr

100

Asn

Met

Arqg

Ser
180

Pro

Leu

Ile

Leu

Glu
260

Glu

Tle

Cys

85

Leu

val

Leu

Asp

Leu

165

Gln

Pro

Trp

Met

Cys

245

Leu

Asp

Leu

His

Asn

Leu

70

Arg

vVal

Leu

Leu

Met

150

Ala

Pro

Glu

Gly

Gln

230

Gly

Ser

Ala

Arg

Glu

55

Gln

Thr

Phe

val

Asn
135

Asn

Leu

Ala

215

Gly

Ser

Glu

Leu

Val

Leu

Asp
Lys
120
Gly

Ala

Phe

Leu
200

Gly

Asn

Tle

Lys
280

Glu

Tle

25

Thr

Glu

Leu

Ala

Phe

105

Phe

Leu

Ala

Gly

Tyr

185

Leu

Thr

Thr

Leu

265

Ala

Cys
10
Gly

Gly

Gly

Asn

Leu

170

Thr

Gly

Tle

Glu

Pro

250

Glu

Pro

Gln

Gln

Phe

His

75

Pro

Glu

Leu

Val

155

Ala

Asn

Glu

Met

Gln

235

Glu

Leu

Val

gagtttatat

gctgagtgga

tccttgetgg

cccaccagtg

Phe

Gly

Pro
60

Glu

His

Ser

Tle
140

Leu

Ala
220

His

val

val

Thr

val

45

Ile

Asn

Asn

Asp

Glu

125

His

Ile

Ala

val

Asp

205

Glu

Gln

Trp

Asp
285

Asp

Phe

30

Ala

Thr

val

Arg

Leu

110

Tle

Arg

Thr

Phe

val
190

Met

Leu

Pro

Gly

270

Pro

ctctcatgca
ctggagtgga
ttttctggat

actttttccecce

Glu

15

Gly

Leu

Ala

val

Cys

95

Ala

Asn

Arqg

Ser

175

Thr

Gly

Trp

Ala

Asn

255

Gln

vVal

Glu

Leu
Asn
80

Lys

Gly

Asp

160

Leu

Leu

Pro

Thr

Leu

240

vVal

Ala

1165

1220

1280

1340

1400

1460

1461

34



Leu Asp Leu Ile Asp Lys Leu
290 295
Asp Ser Asp Asp Ala Leu Asn
305 310
Pro Ser Asp Leu Lys Gly Met
325
Glu Tyr Leu Ala Pro Pro Arg
340
Ser Thr Asn Gln Ser Arg Asn
355
Glu Arg Val Phe
370
<210> SEQ ID NO 3
<211> LENGTH: 1424
<212> TYPE: DNA
<213> ORGANISM: Homo saplens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (85)..(1032)
<400> SEQUENCE: 3

agtctgcgcc tgcgcgcaaqg agaggcgggg ccagcgctcg gcatggcgga gcagatctgg

35

Leu

His

Leu

Arg

Pro
360

val

Asp

Ser

Lys

345

Ala

Leu
Phe
Thr
330

Gly

Thr

Asp

Phe

315

His

Ser

Thr

0,162,612

—continued

Pro
300

Trp

Leu

Gln

Asn

Ala Gln Arg Ile

Ser

Thr

Ile

Gln
365

Asp

Ser

Thr
350

Thr

Pro

Met
335

Gln

Glu

Met

320

Phe

Gln

Phe

agtgcgagca gatccgtctg aagt gta ttc ctg gga cga tgc cgg agt gtg
Val Phe Leu Gly Arg Cys Arg Ser Val

aaqg
Lys
10

gtg
val

aaqg
Lys

c99
Arg

ctg
Leu

atg
Met
90

aca
Thr

c99
Arg

aaq

gat
Asp

CCC

Pro
170

gag
Glu

tat

gtg
val

gag
Glu

aaqg
Lys
75

ggt
Gly

cCccC
Pro

ggc
Gly

gtt
Val

ttc
Phe
155

aaqg
Lys

ttt
Phe

Cg9g
Arg

cgg
Arqg

atc
Tle
60

gag
Glu

tac

ttc
Phe

ctc
Leu

tcc

Ser
140

ggc
Gly

gtg
Val

gag
Glu

gcc
Ala

atg
Met
45

acg
Thr

gtg
val

tgt
Cys

tcg
Ser

cag
Gln
125

aac
Asn

ctqg
Leu

gtc
Val

aaqg
Lys

c99
Arg

30

gac
Asp

ctg
Leu

gtt
Val

gag
Glu

gag
Glu

110
tat

Tyr

ttg
Leu

gcc
Ala

act
Thr

ctg
Leu
15

gac
Asp

aag
Lys

ctg
Leu

gtg
val

cag
Gln
95

gct
Ala

ctg
Leu

ctc
Leu

c99g
Arg

ctc

Leu
175

aac
Asn

acc
Thr

gag
Glu

ctc
Leu

999
Gly

80

gac
Asp

cag
Gln

cac
His

atg
Met

gcc
Ala
160

tgg
Trp

1

cgc
Arg

cag
Gln

aag
Lys

cgc
Arg
65

aac
Asn

ctqg
Leu

gtc
Val

ag9g
Arg

acc
Thr
145

att
Tle

aca
Thr

gat
Asp
50

ctg
Leu

cac
His

gcc
Ala

aaqg
Lys

aac
Asn
130

gac
Asp

ggt
Gly

cga
Arg

gga
Gly

gat
Asp
35

ggc
Gly

cgt
Arg

ctqg
Leu

agc
Ser

tgc
Cys
115

ttc
Phe

aag
Lys

gtc
Val

gcc
Ala

gag
Glu
20

gag
Glu

atc
Tle

cat
His

gag
Glu

ctc
Leu
100

atc
Tle

att
Tle

ggt
Gly

cca
Pro

cct

Pro
180

5

ggt
Gly

att
Tle

ccc
Pro

ccqg
Pro

agc
Ser
85

ctqg
Leu

gtg
val

atc
Tle

tgt

gta
Val
165

gaa
Glu

acc
Thr

gtc
Val

atc
ITle

aac
Asn
70

atc
Tle

gag
Glu

ctg
Leu

cac
His

gtg
val
150

aaqg

ctqg
Leu

tac

gca
Ala

agc
Ser
55

atc
Tle

ttc
Phe

aat
Asn

cag
Gln

agg
Arg

135

aaqg
Lys

cca
Pro

ctg
Leu

ggc
Gly

ctg
Leu
40

agc
Ser

gtg
val

ctqg
Leu

atg
Met

gtg
val
120

gac
Asp

aca
Thr

atg
Met

ttg
Leu

att
Tle
25

aag
Lys

ttg
Leu

gag
Glu

gtg
Val

cca
Pro
105

ctcC
Leu

ctg
Leu

gcg
Ala

acc
Thr

gga
Gly

185

60

111

159

207

255

303

351

399

447

495

543

591

639

36



acc
Thr

ctg
Leu

atc
Ile

aac
Asn

ctc
Leu
250

tcg
Ser

aaqg
Lys

gag
Glu

gag
Glu

acc
Thr

gcc
Ala

cac
His

atc
Tle
235

Cgg
Arg

gag
Glu

aaa

aag
Lys

cca
Pro
315

acg
Thr

gag
Glu

cag
Gln
220

tgg
Trp

aaqg
Lys

gcc
Ala

agg
Arg

coc
Pro
300

ggc
Gly

aacatcctcc

aggccgggtyg

tccatccgtg

actgcttctt

gctggectgg

gtcccgtgca

cag
Gln

ctg
Leu
205

atc
Ile

ccqg
Pro

cag
Gln

999
Gly

gcg
Ala
285

cta
Leu

acc
Thr
190

ctg
Leu

gac
Asp

ggc
Gly

ccc
Pro

ctg
Leu
270

acg
Thr

cgt
Arg

acc
Thr

gcgd
Ala

ttg
Leu

ttt
Phe

tac
Tyr
255

cqgc
Arg

gcc
Ala

ctt
Leu

37

agc
Ser

cac
His

atc
Ile

tcc
Ser
240

aac
Asn

ctg
Leu

999
Gly

ccqg
Pro

atc
Tle

agg
Arg

gtg
Val
225

aaqg
Lys

aac
Asn

ctqg
Leu

gac
Asp

atc
Ile
305

gac
Asp

cCct

Pro
210

cag
Gln

ctg
Leu

ctg
Leu

cac
His

tgc
Cys
290

agt
Ser

atg
Met
195

ctt
Leu

ctg
Leu

cca
Pro

aaqg
Lys

ttc
Phe
275

ctg
Leu

ggt
Gly

tgg
Trp

ctc
Leu

ctg
Leu

ctg
Leu

cac
His
260

ctqg
Leu

gag
Glu

gtc
Val

0,162,612

—continued

gct
Ala

ccc
Pro

ggc
Gly

gtc
Val
245

aaqg
Lys

ttc
Phe

agc
Ser

tgt
Cvys

gtg
val

ggc
Gly

acqg
Thr
230

ggc
Gly

ttc
Phe

atg
Met

tcc
Ser

gaa
Glu
310

ggc
Gly

act
Thr
215

ccc
Pro

cag
Gln

cca
Pro

tac
Tyr

tat
Tyr
295

999
Gly

tgaccaggcg cccgggatcc agctcatcccec cttggctggg

actgacttcc

acaccggggg
gctgcagggg
gggaggagtg
gatgagaggg

tgggttggct

<210> SEQ ID NO 4

tcccactgtce
gctcccagcec
tctcatgtgg

gtgggtgcag

cccagaagac

gtggggaccc

tgccctgaac

cgtgcaccct

tcctecctege

tcccceceget

cttcgtatcc

caggtgggcc

<211> LENGTH: 316
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens

<400> SEQUENCE: 4

Arg
65

Asn

Leu

val

Phe Leu Gly

Ile

Thr

Asp

50

Leu

His

Ala

Gly

Asp

35

Gly

Arg

Leu

Ser

Cys
115

Glu
20

Glu

Tle

His

Glu

Leu

100

Ile

Arg
5
Gly
Tle
Pro
Pro
Ser
85

Leu

vVal

Cys

Thr

val

Tle

Asn

70

Tle

Glu

Leu

Ala

Ser

55

Ile

Phe

Asn

Gln

Ser

Gly

Leu

40

Ser

Val

Leu

Met

vVal
120

val

Ile

25

Leu

Glu

val

Pro

105

Leu

Lys
10

vVal

Arg

Leu

Met
90

Thr

Glu

vVal

Glu

Lys

75

Gly

Pro

Gly

ccactgctgce

ggaagggcag

tatgttggaa

gtctttgagt

cctctcagtce

tggcaggact

Phe

Tle
60

Glu

Phe

Leu

Glu

Ala

Met

45

Thr

val

Ser

Gln
125

Lys

Arg

30

Asp

Leu

Val

Glu

Glu

110

Tyr

tgc
Cys
200

tcc

Ser

agt
Ser

tac

tgg
Trp

gac
Asp
280

ttc
Phe

tgc
Cys

cC

Leu
15

Asp

Leu

val

Gln

95

Ala

Leu

ata
Tle

gag
Glu

gag
Glu

agc
Ser

ctg
Leu
265

cCct
Pro

aag
Lys

cgc
Arg

ccccagaaaa

gtctggcggc
atgtgcaacc
tgtggtggac

gcccocggggcet

Asn

Thr

Glu

Leu

Gly

80

Asp

Gln

His

687

735

783

831

879

927

975

1023

1072

1132

1152

1252

1312

1372

1424

33



Thr
145

val
225

Asn

Leu

Ile
305

Asn
130
Asp

Gly

Asp

Pro

210

Gln

Leu

Leu

His

Cys

290

Ser

Phe

Val

Ala

Met

195

Leu

Leu

Pro

Phe
275

Leu

Gly

Tle

Gly

Pro

Pro

180

Trp

Leu

Leu

Leu

His

260

Leu

Glu

Val

Tle

vVal

165

Glu

Ala

Pro

Gly

val
245

Lys

Phe

Ser

His

val

150

Leu

val

Gly

Thr

230

Gly

Phe

Met

Ser

Glu
310

39

Arg
135
Pro
Leu
Gly
Thr
215

Pro

Gln

Pro

Tyr
295

Gly

Asp

Thr

Met

Leu

Cys

200

Ser

Ser

Trp

Asp
280

Phe

Leu

Ala

Thr

Gly

185

Tle

Glu

Glu

Ser

Leu

265

Pro

Arqg

Asp

Pro

170

Thr

Leu

Tle

Asn

Leu

250

Ser

Glu

Glu

Val

Phe

155

Thr

Ala

His

Ile

235

Arqg

Glu

Pro
315

0,162,612

—continued

Ser
140

Gly

val

Thr

Glu

Gln

220

Trp

Pro
300

Gly

Asn Leu Leu

Leu

val

Gln

Leu

205

Tle

Pro

Gln

Gly

Ala

285

Leu

Ala

Thr

Thr

190

Leu

Asp

Gly

Pro

Leu

270

Thr

Arqg

Leu

175

Thr

Ala

Leu

Phe

Tyr

255

Arg

Ala

Leu

Met

Ala

160

Trp

Ser

His

Tle

Ser

240

Asn

Leu

Gly

Pro

40

<210> SEQ ID NO 5
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Homo sapiliens
<400> SEQUENCE: 5

Lys Leu Ala Asp Phe Gly Leu Ala Arg
1 5

<210> SEQ ID NO &
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM: Homo sapiliens
<400> SEQUENCE: 6

Lys Thr Ala Asp Phe Gly Leu Ala Arg
1 5

<210>
<211>
<212>
<213>

SEQ ID NO 7/
LENGTH: 7
TYPE: PRT
ORGANISM: Homo sapilens

<400> SEQUENCE: 7
Pro Ile Thr Ala Leu Arg Glu
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Degenerate
primer

NAME/KEY: unsure

LOCATION: (22)

<221>
<222>



<223>
<221>
<222>
<223>
<221>
<222>
<223>

<400>

41

OTHER INFORMATIONE:
NAME/KEY: unsure

0,162,612

—continued

a or g or ¢ or t

LOCATION: (28)

OTHER INFORMATION: a or g or ¢ or t
NAME/KEY: unsure

LOCATION: (31)

OTHER INFORMATION: a or g or ¢ or t

SEQUENCE: 8

gcaggatccc garaaratyg gngarggnac nta

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 9

LENGTH: 8

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 9

Glu Lys Ile Gly Glu Gly Thr Tyr

1

<210>
<211>
<212>
<213>
<220>
<223>

<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>
<221>
<222>
<223>

<400>

5

SEQ ID NO 10

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description

primer
NAME/KEY: unsure
LOCATION: (12)

OTHER INFORMATION: a or g or cC
NAME/KEY: unsure

LOCATION: (18)

OTHER INFORMATION: a or g or c
NAME/KEY: unsure

LOCATION: (21)

OTHER INFORMATION: a or g or cC
NAME/KEY: unsure

LOCATION: (24)

OTHER INFORMATION: a or g or cC

SEQUENCE: 10

cggctgcaga rnayytcngg ngmnckrtac ca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 11

LENGTH: 8

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 11

Trp Tyr Arg Ser Pro Glu Val Leu

1

<210>
<211>
<212>
<213>

<400>

5

SEQ ID NO 12

LENGTH: 7

TYPE: PRT

ORGANISM: Homo sapilens

SEQUENCE: 12

Pro Ser Thr Ala Ile Arg Glu

1

<210>
<211>
<212>
<213>

5

SEQ ID NO 13

LENGTH: 8

TYPE: PRT

ORGANISM: Homo saplens

of

or

or

or

or

Artificial Sequence: Degenerate

33

32

42



<400>

0,162,612
43

—continued

SEQUENCE: 13

Glu Lys Ile Gly Glu Gly Thr Tyr

1

<210>
<211>
<212>
<213>

<400>

5

SEQ ID NO 14

LENGTH: 8

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 14

Trp Tyr Arg Ser Pro Glu Val Leu

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 15

gtgcagatac tggaggcccc ggag 24

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Segquence: Primer

SEQUENCE: 16

ctcctcgagt gacctgagcc tccgagaaqgqg gtg 33

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 17

ctcggatccg gaattcccgt attcctggga cgatgce 36

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE::

OTHER INFORMATION: Description of Artificial Segquence: Primer

SEQUENCE: 18

ctcggatccg gaattcccgt gaaggagttt gagaag 36

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 19

caggaattcc ggagtcctgc caggc 25

<210>
<211>

SEQ ID NO 20
LENGTH: 18

44



<212>
<213>
<220>
<223>

<400>

6,162,612
45

—continued

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 20

acctcggagc tgaataca 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 21

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 21

ttccttggag aagcagag 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 22

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Segquence: Primer

SEQUENCE: 22

gtggaccacg aagagtta 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 23

ctcttgccac tcgtactt 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

SEQUENCE: 24

acatcctcca ctgacttc 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Description of Artificial Segquence: Primer

SEQUENCE: 25

tcccaagaag cagtggtt 18

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer

46



0,162,612
47

—continued

<400> SEQUENCE: 26

ttgccactag ggctcttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 27

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE::

OTHER INFORMATION: Description of Artificial Sequence: Primer

<400> SEQUENCE: 27

cagcaaggac aagaca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 28

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Seqguence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Probe

<400> SEQUENCE: 28

tgatcctgcg gagaacaccc ttgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 29

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Probe

<400> SEQUENCE: 29

actgcagaga catggaagag gcga
<210>
<211>

<212>
<213>

SEQ ID NO 30

LENGTH: 372

TYPE: PRT

ORGANISM: Artificial Seqguence

<220>
<223>

<400>

Met
1

Ser

val

Arg
65

Leu

Gly

Leu

val

FEATURE:
OTHER INFORMATION: Description of Artificial Seqgquence:

Phosphorylation deficient PITALRE

SEQUENCE :

Ala Lys Gln

Lys

Phe

val

50

Glu

Tle

Ser

Leu

Met
130

Tyr

Lys

35

Leu

Tle

Glu

Ile

Ser

115

Gln

Glu
20

Ala

Met

Tle

Tyr
100

Asn

Met

30

Tyr
5

Lys

Glu

ITle

Cys

85

Leu

vVal

Leu

Leu

His

Asn

Leu

70

Arg

val

Leu

Leu

Ser

Ala

Arg

Glu

55

Gln

Thr

Phe

val

Asn
135

Val

Leu

Asp

Lys
120

Gly

Glu

Ile

25

Thr

Glu

Leu

Ala

Phe

105

Phe

Leu

Cys
10
Gly

Gly

Gly

Thr

Pro

Gln

Gln

Phe

His

75

Pro

Glu

Leu

Phe

Gly

Pro
60

Glu

His

Ser

Tle
140

Thr

val

45

Tle

Asn

Asn

Asp

Glu

125

His

Asp

Phe
30

Ala

Thr

Val

Leu
110

Tle

Glu Val
15

Gly Glu

Leu Lys

Ala Leu

val Asn

80

Cys Lys
95

Ala Gly

Lys Arg

Asn Lys



Tle

145

Gly

Ala

Trp

Pro

Arg

225

Ile

Asp

Arg

Leu

Asp

305

Pro

Glu

Ser

Glu

<210>
<211>
<212>
<213>
<220>
<223>

Leu

val

Tle
210
Ser

Ser

Asn

Asp
290

Ser

Ser

Thr

Arg
370

His

Leu

Asn

Arg

195

Asp

Pro

Gln

Tyr

Val

275

Leu

Asp

Asp

Leu

Asn

355

Val

Ser

180

Pro

Leu

Tle

Leu

Glu

260

Tle

Asp

Leu

Ala

340

Gln

Phe

Asp

Leu

165

Gln

Pro

Trp

Met

Cys

245

Leu

Asp

Asp

Ala

Lys

325

Pro

Ser

SEQ ID NO 31
LENGTH:
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Seqgquence:

316
PRT

Met
150

Ala

Pro

Glu

Gly

Gln

230

Gly

Leu
310

Gly

Pro

49

Asn
Asn
Leu
Ala
215
Gly
Ser
Glu
Leu
Leu
295
Asn
Met

Arg

Asn

Ala

Phe

Arg

Leu

200

Gly

Asn

Tle

Lys

280

Leu

His

Leu

Arg

Pro
360

Ala

Gly

Tyr

185

Leu

Thr

Thr

Leu

265

Ala

val

Asp

Ser

Lys

345

Ala

Asn

Leu

170

Thr

Gly

Tle

Glu

Pro

250

Glu

Leu
Phe
Thr
330

Gly

Thr

Phosphorylation deficient PISSLRE

<400> SEQUENCE:

Arg
65

Asn

Leu

val

31

Phe Leu Gly Arg

Ile

Thr

Asp

50

Leu

His

Ala

Gly

Asp

35

Gly

Arg

Leu

Ser

Cys
115

Glu
20

Glu

Tle

His

Glu

Leu

100

Ile

5

Gly

Tle

Pro

Pro

Ser

85

Leu

vVal

Cys

Thr

val

Tle

Asn

70

Tle

Glu

Leu

Ala

Ser

55

Ile

Phe

Asn

Gln

Ser

Gly

Leu

40

Ser

Val

Leu

Met

vVal
120

val

Ile

25

Leu

Glu

val

Pro

105

Leu

Lys
10

vVal

Arg

Leu

Met
90

Thr

Val

155

Ala

Asn

Glu

Met

Gln

235

Glu

Leu

Val

Asp

Phe

315

His

Ser

Thr

Glu

vVal

Glu

Lys

75

Gly

Pro

Gly

0,162,612

—continued

Leu Ile Thr Arg

Arg

Arg

Arg

Ala

220

His

val

val

Arg

Pro

300

Trp

Leu

Gln

Asn

Phe

Tle
60

Glu

Phe

Leu

Ala

val

Asp

205

Glu

Gln

Trp

Asp

285

Ala

Ser

Thr

Tle

Gln
365

Glu

Ala

Met

45

Thr

val

Ser

Gln
125

Phe

val
190

Met

Leu

Pro

Gly

270

Pro

Gln

Asp

Ser

Thr

350

Thr

Lys

Arg

30

Asp

Leu

Val

Glu

Glu

110

Tyr

Ser
175

Thr

Gly

Trp

Ala

Asn

255

Gln

Pro

Met
335

Gln

Glu

Leu
15

Asp

Leu
val
Gln

95

Ala

Leu

Asp

160

Leu

Leu

Pro

Thr

Leu

240

Val

Ala

Tle

Met

320

Phe

Gln

Phe

Asn

Thr

Glu

Leu

Gly

80

Asp

Gln

His

50



val
225

Asn

Leu

Ile
305

Asn
130
Asp

Gly

Asp

Pro

210

Gln

Leu

Leu

His

Cys

290

Ser

Phe

Val

Ala

Met

195

Leu

Leu

Pro

Phe
275

Leu

Gly

Tle

Gly

Pro

Pro

180

Trp

Leu

Leu

Leu

His

260

Leu

Glu

Val

Tle

Cys

vVal

165

Glu

Ala

Pro

Gly

val

245

Phe

Ser

His

val

150

Lys

Leu

val

Gly

Thr

230

Gly

Phe

Met

Ser

Glu
310

51

Arg
135
Pro
Leu
Gly
Thr
215

Pro

Gln

Pro

Tyr
295

Gly

Asp

Thr

Met

Leu

Cys

200

Ser

Ser

Trp

Asp
280

Phe

Leu

Ala

Thr

Gly

185

Tle

Glu

Glu

Ser

Leu

265

Pro

Asn

Pro

170

Thr

Leu

Tle

Asn

Leu

250

Ser

Glu

Glu

Val

Phe

155

Thr

Ala

His

Ile

235

Arqg

Glu

Pro
315

0,162,612

—continued

Ser Asn Leu Leu

140

Gly

val

Thr

Glu

Gln

220

Trp

Pro
300

Gly

Leu

val

Gln

Leu

205

Tle

Pro

Gln

Gly

Ala

285

Leu

What 1s claimed 1s:
1. A substantially pure protein having the amino acid

sequence of SEQ ID NO:2 or SEQ ID NO:4.
2. The substantially pure protein of claim 1 having the

amino acid sequence of SEQ ID NO:2.

3. The substantially pure protein of claim 1 having the
amino acid sequence of SEQ ID NO:4.

4. An 1solated protein complex comprising a protein

having the amino acid sequence of SEQ ID NO:2 or SEQ ID
NO:4.

5. The 1solated protein complex of claim 4 comprising a
protein having the amino acid sequence of SEQ ID NO:2.

6. The 1solated protein complex comprising a protein
having the amino acid sequence of SEQ ID NO:4.

7. An 1solated nucleic acid molecule consisting of a
fragment of SEQ ID NO:1 having 28—-150 nucleotides.

8. The nucleic acid molecule of claam 16 consisting of a
fragment of SEQ ID NO:1 having up to 50-150 nucleotides.

9. The nucleic acid molecule of claim 16 consisting of a
fragment of SEQ ID NO:1 having up to 30—150 nucleotides.

10. An oligonucleotide molecule consisting of a nucle-
otide sequence complementary to a nucleotide sequence of
28—150 nucleotides of SEQ ID NO:1.

11. An 1solated nucleic acid molecule that comprises a
nucleotide sequence that encodes phosphorylation deficient
PITALRE wherein said phosphorylation deficient PITALRE
has SEQ ID NO:2 except that there 1s a deletion, 1nsertion
or substitution of one or more amino acids 1n amino acids
164-172 of SEQ ID NO:2 or phosphorylation deficient
PISSLRE wherein said phosphorylation deficient PISSLRE
has SEQ ID NO:4 except that there 1s a deletion, 1nsertion
or substitution of one or more amino acids 1 amino acids
151-159 of SEQ ID NO:4.

12. The 1solated nucleic acid molecule of claim 11
wherein said molecule comprises a nucleotide sequence that
encodes phosphorylation deficient PITALRE.

Ala

Thr

Thr

190

Leu

Asp

Gly

Pro

Leu

270

Thr

35

40

45

50

55

60

65

Arqg

Leu

175

Thr

Ala

Leu

Phe

Tyr

255

Arg

Ala

Leu

Met

Ala

160

Trp

Ser

His

Tle

Ser

240

Asn

Leu

Gly

Pro

52

13. A recombinant vector comprising a nucleic acid
molecule of claim 12.

14. A pharmaceutical composition comprising a nucleic
acid molecule of claim 12 and a pharmaceutically acceptable
carrier.

15. The 1solated nucleic acid molecule of claim 12 con-

sisting of a nucleotide sequence that encodes SEQ ID
NO:30.

16. The 1solated nucleic acid molecule of claim 11
wherein said molecule comprises a nucleotide sequence that
encodes phosphorylation deficient PISSLRE.

17. A recombinant vector comprising a nucleic acid
molecule of claim 16.

18. A pharmaceutical composition comprising a nucleic
acid molecule of claim 16 and a pharmaceutically acceptable
carrier.

19. The 1solated nucleic acid molecule of claim 16 con-
sisting of a nucleotide sequence that encodes SEQ 1D
NO:31.

20. A method of idenfifying compounds that inhibait
PITALRE activity comprising the steps of:

performing a test assay by contacting;:

PITALRE immunocomplex comprising PITALRE pro-
tein set forth as SEQ ID NO:2

[camma’*P]ATP, and

a substrate selected from the group consisting of p56™7,
MBP or casein, 1n the presence of a test compound
under conditions 1n which the substrate 1s phospho-
rylated 1in a control assay;

determining the level of phosphorylation of said substrate
in said test assay; and,

comparing said level of phosphorylation of substrate in
said test assay to the level of phosphorylation of
substrate 1n a control assay, wherein said control assay
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1s 1dentical to said test assay except said test compound 26. A host cell comprising the recombinant expression
1s absent 1n said control assay. vector of claim 23. | | o
21. The method of claim 20 wherein said substrate 1s 27. An 1solated nucleic acid molecule consisting of a
p5678. fragment of SEQ ID NO:3 having 28—-150 nucleotides.

‘ : : - 28. An 1solated nucleic acid molecule consisting of a
22. The method of claim 20 wherein said substrate 1s 5 frasment of SEQ ID NO:3 having 50-150 nucleotides.

myelin basic protein. | . 29. An isolated nucleic acid molecule consisting of a
23. A recombinant expression vector comprising SEQ 1D fragment of SEQ ID NO:3 having 30-150 nucleotides.

NO:1. . | | 30. An isolated oligonucleotide molecule consisting of a
24. A host cell comprising the recombinant expression nucleotide sequence complementary to a nucleotide
vector of claim 23. 10 sequence of 28—150 nucleotides of SEQ ID NO:3.

25. A recombinant expression vector comprising SEQ 1D
NO:3. ¥ % % % %
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